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(57) ABSTRACT 
A hierarchical distributive control system is disclosed. 
The lowest level of the system is a stand alone control 
ler with hot plug in capability, which can accept either 
analog or digital signals, scale these signal with input 
subroutines, perform any one of a number of algorithms 
to produce control signals or can manually produce 
control signals and output these control signals as either 
analog or digital signals to field devices. A plurality of 
controllers communicates with an associated condenser 
over duel parallel digital communication buses with a 
full echo, verify communication routine. The condenser 
contains all records for all controllers under its supervi 
sion and can download control information into any 
replaced controller. A subhost is interconnected to a 
group of condensers and contains all records contained 
in all condensers under its supervision. All information 
can be uploaded from condensers to subhost or down 
loaded from subhost to condenser. In case of any failure 
in any subsystem, all lower level systems continue to 
operate. All controllers are interchangeable. 

28 Claims, 13 Drawing Sheets 
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1. 

DISTRIBUTED CONTROL SYSTEM 

TECHNICAL FIELD 

This invention relates to a process control system and 
more particularly to microprocessor based distributed 
control system using identical controllers having hot 
plug in capability with hierarchical control and stand 
alone capability in case of failure of any higher level 
control used for controlling industrial processes. 

BACKGROUND OF THE INVENTION 
With the development of commercially available 

digital computers industrial process control has been 
typically handled through centralized direct digital 
control systems. These systems included a main frame 
computer which is programmed to control processes. 
From time to time, the program would be modified to 
change the control of processes and to accept new pro 
cess control functions or parameters. As a result, the use 
of computerized direct digital control of processes was 
expanded in order to control more of the total process 
than could previously been achieved with prior conven 
tional analog process controllers. However, a number 
of major fundamental problems existed with such a 
main frame, direct digital control system. As with any 
complex piece of equipment, maintenance was difficult 
and required personnel with specialized training. As the 
process control became more sophisticated, it became 
impractical to maintain in-house service personnel for 
the computerized system. Therefore, users had to rely 
upon vendors for maintenance and repair support. 
Moreover, in a continuous process, the failure of the 
central computer could have catastrophic effects be 
cause control of a substantial portion if not all of the 
overall process would be interrupted. In some areas of 
technology, such as glass forming, reliance upon a sin 
gle main frame central processing control system be 
came impractical because of the potential of these cata 
strophic failures. 
More recently, distributed computer control systems 

have been developed in which a single board computer 
is connected to each control device with each single 
board computer having a specific program dedicated to 
the particular control device. However, a number of 
drawbacks have been associated with the distributed 
computer control systems. In order to conserve men 
ory and reduce operational time, the single board com 
puters are generally programmed in a low-level, assem 
bly-type language. As a result, many system users are 
reluctant to employ distributed single board computers 
because of the difficulty of obtaining or training person 
nel to program the computers. Moreover, because 
maintenance personnel are typically not trained in pro 
gramming, a large inventory of single board computers 
are necessary in order to properly repair a system mal 
function by replacing the microprocessor which is 
down. In addition, should there be a desire to upgrade 
or modify the program in any given microprocessor, 
such modification or upgrading will often require the 
modification of the overall system control program. 
Thus, cost effective retrofitting of existing industrial 
process control systems is not feasible. 
Johnson et al. disclosed in U.S. Pat. No. 4,253,148 a 

system of distributed control of a process which was 
designed to overcome the difficulty of having a large 
inventory of preprogrammed microprocessors for each 
device to be controlled. Thus, in the Johnson et al. 
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2 
system a master or composite program was developed 
which was capable of controlling all possible logic func 
tions and command sequences for all of the devices to 
be controlled. This program was downloaded into each 
of a plurality of microprocessors. Because each micro 
processor was designed to control a specific device, a 
user alterable interconnection device was provided in 
each microprocessor in the form of a programmable 
read only memory (PROM). The PROM in each micro 
processor allowed only those portions of the master 
program which related to the logic control functions 
and control sequences of a particular control device to 
be connected to the input/output ports associated with 
the device. Thus, as each microprocessor continuously 
looped through the master program, only those pro 
gram steps which related to the control functions and 
sequences for a control device would be operative. This 
system had the drawback that a sometimes massive 
program had to be downloaded into each microproces 
sor. In addition, the time constraints on such a system 
which must loop through the entire master program is 
such that some processes cannot be adequately con 
trolled. Moreover, because the master control program 
is stored in each microprocessor, storage space for other 
data such as process control data and operational pa 
rameters is limited. 

It, therefore, is an object of the present invention to 
provide an improved distributive control, microproces 
sor based process control system, with interchangeable 
components whose programming is transparent to the 
operators. 

DISCLOSURE OF THE INVENTION 

Accordingly, the present invention is directed to a 
multiple level distributed process control system. The 
system includes a plurality of identical controllers each 
having analog data input, analog data output, digital 
data input, and digital data output circuitry. Further, 
the controllers include identification or ID lines, an 
attention line, two eight bit parallel communication 
buses, a control bus and power lines. All interconnec 
tions including power are on a single printed circuit 
connector on the rear of the controller allowing plug in 
capability. All ground pin interconnections are longer 
than all remaining connector pins allowing hot plug in 
of controllers without the necessity of removing power 
from the system to replace controllers. The controllers 
have two visual displays on the front face to be able to 
monitor both the process target setting and the current 
value of the process variable. Indicator lamps are pro 
vided to signal the status of the controller. Switches and 
a potentiometer are provided on the face of the control 
ler to allow each controller to be adjusted manually 
allowing full stand alone capability. Internally, each 
controller has a microprocessor, interface circuitry, 
random access memory (RAM), and erasable program 
nable read only memory (EPROM). Within the mem 
ory of the controller resides loop records, communica 
tion subroutine software, input subroutine software, 
output subroutine software and algorithm software. 
Each of a predetermined number of controllers can 

be grouped and selectively connected to a condenser 
system. The condenser system is connected to each of 
the controllers by two parallel eight bit communication 
buses. The condenser system includes conventional 
random access memory (RAM) and erasable program 
mable read only memory (EPROM) as well as bubble 
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memory. The bubble memory insures the integrity of 
the programming and database for each of the control 
lers should there be a power outage for longer than a 
predetermined period of time. The EPROM provides a 
boot program for initialization once power is restored. 
The condenser initiates communication with the con 
trollers and selectively receives process control data 
from each of the controllers upon request. This informa 
tion can be supplied to a supervisory computer system 
or subhost. The condenser also can receive process 
control parameters, changes in parameters and pro 
gramming from the subhost for any controller for 
which it is associated. As part of the condenser system, 
there is a keyboard as well as a video display. The key 
board permits entry of control parameters for any one 
of the controllers connected to the condenser. Accord 
ingly, it is possible to manually vary the temperature, 
time duration or some other process control by select 
ing through the keyboard the appropriate controller 
and then entering the appropriate new parameter. The 
keyboard can also control the video display and allow 
the status of any process or the variables of a number of 
process control loops to be displayed. The controllers 
and the associated condenser are located relatively 
close to the devices being controlled. 
Communication between the condenser and its asso 

ciated controllers is initiated and controlled by a unique 
combination of hardware, firmware and software. The 
controller cannot initiate communication. The con 
denser can initiate communication with the controller. 
The subhost or supervisory computer can initiate com 
munication with the condenser or with the controller 
through the condenser. The identification or ID of the 
controller is hardwired into the backplane of the rack 
interconnecting the controller. One of a possible sixteen 
attention lines is also hardwired into the backplane of 
the controller. The condenser initiates communication 
by activating one of the attention lines. All controllers 
in the row which are hardwired to the activated atten 
tion line are initialized to accept communication. There 
are two eight bit communication buses hardwired to the 
condenser and all controllers associated with that con 
denser. One communication bus is an input bus which 
inputs information to the controller. The second com 
munication bus is an output bus which receives informa 
tion from the controller and transfers it to the con 
denser. Once the condenser has activated the attention 
line, it places an eight bit signal on the input communi 
cation bus. All controllers which have been initialized 
for communication read this eight bit signal. The eight 
bit signal includes the controller ID and the number of 
the activated attention line corresponding to the partic 
ular controller with which the condenser wishes to 
communicate. Only the controller which matches the 
ID remains in communication mode. All other control 
hers discontinue the communication routine and resume 
normal processing. The controller whose ID matches 
places the received signal on the output communication 
bus. The condenser reads this signal and if it matches 
what was sent, then sends the one's compliment of the 
signal on the input communication bus. The controller 
then reads this signal and if it is the one's compliment of 
its ID, it sends the signal back to the condenser on the 
output communication bus. The condenser again checks 
to see that this signal is the signal which was sent. This 
full echo with verify initialization routine checks all 
sixteen communication lines to verify that they are 
functioning properly. 
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4. 
Once communication has been initialized, a unique 

protocol is used to transfer information between the 
condenser and controller. The condenser always sends 
a byte which indicates the number of bytes to follow, a 
byte which is a code for the function which the con 
denser wishes performed, a number of bytes of informa 
tion and finally a checksum. The checksum is the one's 
compliment of the number of bytes sent. The controller 
in contrast will always send a byte indicating the num 
ber of bytes to follow, a number of bytes of information 
and finally a checksum which is the one's compliment 
of the number of bytes sent. This checksum feature not 
only verifies that the proper amount of data was sent, 
but also verifies that all sixteen communication lines are 
functioning. 
Communication between subhosts and condensers is 

via a daisy chained serial communication line. The sub 
host is the master for communication. The condenser 
cannot initiate communication with the subhost. Com 
munication is by means of a standard synchronous pro 
tocol, SDLC. The SDLC protocol specifies the method 
to direct a message or data to the proper device, to 
detect the end of the message and to ensure that a mes 
sage has been successfully transferred. The messages or 
data are sent in packets and the packet is defined by the 
first byte of information sent after the protocol has 
initialized communication. The first byte contains a 
function code which defines the type of communication 
and the number of bytes of information to be sent or 
received. Identical loop records reside in the condenser 
and the subhost. During communication, information is 
transferred between loop records in the subhost and the 
condenser as defined by the function codes. In this 
manner, the loop records resident in the subhost are 
periodically updated with information resident in the 
loop records of the condenser. Similarly, control re 
quirements in the loop records of the condenser may be 
changed, modified or updated by the subhost. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a drawing showing the hierarchical inter 
connections of the various components of the distrib 
uted control system. 
FIG. 2 is a representation of the connections to a 

typical controller. 
FIG. 3 is a description of side 1 of a controller back 

plane pin out. 
FIG. 3A is a description of side 2 of a controller back 

plane pin out. 
FIG. 4 is a drawing of the interconnection between a 

condenser and its associated controllers including con 
troller identification lines. 
FIG. 5 is a schematic of a portion of a controller. 
FIG. 5A is a schematic continuation of the controller. 
FIG. 6 is an illustration of the front face of the con 

troller. 
FIG. 7 is a schematic of the manual control device of 

a controller. 
FIG. 8 is an illustration of the front face of the con 

denser. 
FIG. 9 is a block diagram of the elements within the 

condenser. 
FIG. 10 is a memory map of the condenser. 
FIG. 11 is a block diagram of the elements within a 

subhost. 
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BEST MODE OF CARRYING OUT THE 
INVENTION 

Hardware - Controller 

FIG. 1 is a diagram showing the hierarchical inter 
connections between the various components of a dis 
tributive control system. A plurality of controllers 
CTR1 through CTRN are interconnected to a con 
denser unit through an eight bit output communication 
bus, an eight bit input communication bus and a control 
bus. The controllers are connected to field devices with 
either eight bit digital input and output buses or two 
wire analog input and output lines or both simulta 
neously. The controllers are also identified by four 
identification or ID lines and an attention or ATN line. 
Each controller has two bar type displays for visual 
representation of process parameters and set point infor 
mation. Status indicator lamps are provided for rapid 
determination of the status of the controllers. Switches 
and a potentiometer are provided for manual control as 
will be explained later. Each condenser has a video 
display and keyboard associated with it for inputting 
information and displaying information. The condenser 
has analog inputs available for receiving field informa 
tion relevant to a multitude of controllers such as tem 
perature readings from isothermal blocks. Isothermal 
blocks are devices which hold a plurality of thermo 
couple reference junctions at the same temperature. 
The temperature can be measured and the thermo 
couple reading corrected without the necessity of pro 
viding an ice junction for each thermocouple. The con 
struction of an isothermal block is described in U.S. Pat. 
No. 4,483,632 to Dewey et al. while the use of such a 
block is described in U.S. Pat. No. 4,482,261 to Dewey 
et al. Each condenser communicates with a subhost or 
supervisory computer by means of a daisy chained serial 
communication line. The subhost is housed in a process 
operator's console which includes a printer, a keyboard 
and two video displays. Each of a plurality of subhosts 
can communicate to a host or mainframe computer by 
means of a similar daisy chained serial communication 
line. Each of the higher level computers can initiate 
communication with any of the lower level computers. 
Thus, the host computer can initiate communication 
with any of the subhosts, with a condenser associated 
with a particular subhost or with a controller associated 
with a particular condenser. In case of failure with any 
component, all lower level components continue to 
control. 

FIG. 2 indicates all of the external identification, 
signal, control and power lines associated with each 
controller. There is an eight bit output communication 
bus on line COO through CO7. An eight bit input com 
munication bus is on line CI0 through CIT. An eight bit 
digital data output bus DO0 through DO7 is provided, 
as is an eight bit digital data input bus DIO through DIT. 
Four identification lines numbered ID, ID2, ID4 and 
ID8, denoting their binary values, are provided. An 
attention line ATN is provided as well as will be ex 
plained below. A two wire analog input denoted A-in 
and A-in ground is provided for analog information 
input. Similarly, a two wire analog output circuit la 
beled A-out and A-out ground is provided. Various 
power lines are provided to power the controller. A 
bidirectional control bus is provided for signals such as 
READ REQ, READ ACK, WRITE STB and WRITE 
ACK which are required for communication. In addi 
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St: 6 
tion, status functions, such as, FAIL and AUTO are 
provided. 

All interconnections to the controller are provided 
by a dual sided printed circuit board connector on the 
rear of the controller. Each side of the connector has 
thirty-six pads. FIG. 3 shows the complete pin out for 
one side of the connector, while FIG. 3A shows the 
complete pin out for the opposite side. This intercon 
nection arrangement allows rapid plug-in of the con 
troller into a back plane which has a mating female 
connector. All ground pins such as positions C, F, D, 3, 
6 and 9 are longer than all remaining pins. This allows 
the controller to be plugged in to the back plane with 
out removing power from the system. This is known as 
a "hot plug in' and allows controllers to be inter 
changed without the necessity of stopping control by 
removing power. A controller, when loaded into a 
particular position, will be given its control parameters 
by the condenser and will continue to control in the 
same manner as the controller it replaced as will be 
explained below. 
The ability of any controller to replace any other 

controller lies in the unique hardwired logic in the back 
plane which identifies every controller position. Refer 
ring to FIG. 4, it will be noted that each condenser has 
sixteen attention lines labeled A0 through A15 associ 
ated with it. Each attention line is hardwired to a row of 
controllers. There can be, therefore, sixteen rows of 
controllers from row 0 through row 15. Each control 
ler, as previously mentioned, has four ID lines num 
bered 1, 2, 4 and 8. The back plane selectively grounds 
these ID lines to identify the controller within a row by 
binary logic. The number of controllers within a given 
row can therefore be sixteen, numbered 0 through 15. 
Since the attention line and the ID is hardwired into the 
back plane, the position for a given controller identifica 
tion is always the same. The controller has no identifica 
tion until it is plugged into the back plane. As an exam 
ple, controller 14 in row 3 would be wired to attention 
line A3 and would have ID line 1 grounded. Thus, the 
ID would be 8-4-2 or 14. The total number of con 
trollers which could be connected to a given condenser 
would be 16 times 16 or 256 controllers. In actual prac 
tice, the controllers and condenser are housed in stan 
dard equipment racks. Nine controllers can fit in one 
row of the rack. This gives a total of 144 controllers that 
maybe connected to each condenser. 
FIGS. 5 and 5A show the internal structure of the 

controller. The heart of the controller is a microproces 
sor processing unit, MPU, which can be a Motorola 
MC6809P microprocessor. The microprocessor is con 
nected by control, address and data buses to erasable 
programmable read only memory, EPROM, and ran 
dom access memory, RAM. Inside the EPROM resides 
boot programs, communication programs, algorithms 
and input subroutines. The RAM allows memory space 
for loop records and internal calculations. 
Two versatile interface adapters VIAO and VIA1 are 

also connected to the internal microprocessor buses. 
These units are programmable devices such as 
MCS6522P devices manufactured by Rockwell. The 
purpose of these devices is to interconnect the two 
communication buses to the microprocessor buses and 
to provide a conduit for an input analog signal and 
controller identification. Communication is straight 
forward in that the eight input communication lines CIO 
through CIT constituting the input communication bus 
is fed through a buffer to VIA1. Similarly, VIA1 is 
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interconnected through a buffer to the eight output 
communication lines COO through CO7 which consti 
tutes the output communication bus. P1 is the printed 
circuit connector on the rear of the unit and the pin 
designations are the same as shown in FIGS. 3 and 3A. 
An analog field signal comes into PIN N of connector 
P1 where it is fed to an analog to digital converter A/D. 
The A/D converter transmits an eight bit digital signal 
to VIAO, WIAO is also connected to ID lines D1, D2, 
ID4 and ID8. Since the method of identification is by 
grounding these lines at the back plane, pull-up resistors 
connected to a positive five volts ensures that the signal 
will be high unless grounded. Similarly, the attention 
line ATN is grounded when activated so a pull-up resis 
tor is used on the line to ensure high signal unless 
grounded. The attention signal then goes through an 
inverter to a flip/flop to the fast interrupt FIRQ pin of 
the microprocessor. In this manner, when the attention 
line is activated, the microprocessor stops control and 
immediately goes into the communication subroutine. A 
signal X goes from VIA1 to the manual control of the 
controller. Similarly, a signal DOG goes from VIA0 to 
the manual control, and a signal MAN goes from the 
manual control to VIA0. The purpose of lines X, DOG 
and MAN will be explained below. 
The internal microprocessor buses are also connected 

to a bus transceiver. This bus transceiver connects to an 
eight bit bidirectional data bus. The purpose is isolation 
and to provide sufficient power to drive the devices 
connection to the bidirectional data bus. Three major 
circuits are connected to the bidirectional data bus. 
They are the analog output, digital data circuitry, in 
cluding input and output data lines, and the display 
circuitry. In case of a digital output from the controller 
to a field device, the digital data are transmitted on the 
bidirectional data bus through a buffered driver to the 
individual data output lines DO0 through DO7. The 
signals on each data line are fed through inverters so 
that valid signals impressed on the pins of connector P1 
will have a low potential. A signal line H goes from data 
line DOT to the manual control section. This line is used 
to blink an indicator lamp when the controller is in 
computer or "soft' manual control as will be explained 
below. Digital input data from field devices are fed to 
pins 22 through 29 of connector P1. A valid field signal 
is a signal in which the field device grounds a pin, i.e., 
a low potential. Pull-up resistors, connected to a five 
volt power supply ensures that the data lines are at a 
high potential unless a valid input signal is indicated. 
The signals then pass through inverters to a data selec 
tor/multiplexer which conditions the signal and passes 
it onto the bidirectional data bus. The bidirectional data 
bus is also connected to a digital to analog converter 
which takes the digital representation of the analog 
output signal from the microprocessor, converts it to an 
analog signal and sends this analog signal to the manual 
control device and to the display. The information out 
putted to the two display devices is selectable by a 
switch on the front of the controller as will be explained 
below. Display 1 can represent the process variable 
(PV) or can represent the analog output (output). Dis 
play 2 can represent the computer generated set point 
(SP) or the setting of a manual potentiometer (MAN). 

Referring to FIG. 6, the face of the controller has 
two displays, Display 1 and Display 2 with scales la 
beled in percentages. A light emitting diode LED 1 is lit 
when the controller is in automatic mode. Light emit 
ting diode LED 2 is lit when the controller is in manual 
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8 
mode. A third light emitting diode LED 3 indicates 
what values are being displayed in the display units. 
When LED 3 is off, Display 1 is the process variable 
and Display 2 is the set point. When LED 3 is lit, Dis 
play 1 is the output of the controller while Display 2 is 
the setting of the potentiometer. A fourth light emitting 
diode LED 4 is lit when the controller is communicat 
ing with the condenser. Switch 1 is a two position tog 
gle switch which sets the controller for either automatic 
operation or for "hard' manual operation. Switch 2 is a 
momentary contact switch which when activated puts 
the output of the controller on Display 1 and the manual 
setting of the potentiometer on Display 2. A potentiom 
eter is provided for manually setting the controller. 
FIG. 7 shows the circuitry of the manual control 

device of FIG. 5. The primary control is switch 1 which 
positioned in the up position sets the controller to man 
ual control and when in the down position sets the 
controller to automatic control. A five volt power sup 
ply is connected to light emitting diode LED 1 and then 
dropped across resistor 50 to node 51. A filter capacitor 
52 removes any switching transients and high frequency 
spikes off of this line. When switch 1 is in the lower 
position, node 51 is grounded. Node 52 is, therefore, at 
a low potential and LED 1 is lit. A logic inverting 
device, item 53, inverts a signal to a high signal at node 
54. A 15 volt power supply is dropped across pull-up 
resistor 56. Node 58 therefore is at a high potential and 
activates solid state switch 60. Solid state switch 60 then 
transmits the analog output signal to node 62. Capacitor 
64 acts as a filter for any spikes or alternating current 
signal on this line, Resistor 66 provides a zero voltage 
reference when no analog input is available. The signal 
passes then from node 62 to an output buffer amplifier 
68 and then to line labeled A-out. Therefore, the analog 
output from the controller is the analog output from the 
analog to digital converter on FIG. 5. This signal is 
impressed on signal pad R on the printed circuit connec 
tor P1. The signal from node 52 is also passed to the 
logical inverter device 70 where it is transmitted as a 
high signal on the signal line AUTO and is impressed on 
pad 35 of the printed circuit connector P1. The AUTO 
line passes to field devices to instruct them that the 
controller is in automatic mode and that the output on 
A-out is the analog signal calculated by the controller. 
Similarly, when the switch 1 is in manual position or the 
up position, a five volt supply is dropped across resistor 
72, filtered by capacitor 74 and impressed on node 76. 
When switch 1 is in the manual position, node 76 is low. 
Similarly, node 78 is also low. When node 78 is low, 
buffer 81 transmits the low signal to node 80. A five volt 
power supply is connected to LED 2 and dropped 
across resistor 82. Since node 80 is low, LED 2 is lit. 
This signifies that the controller is in manual mode. A 
logic inverter 84 takes this low signal and converts it to 
a high signal at node 86. A plus 15 volt signal is dropped 
across resistor 88 to node 86. Since logic inverter 84 is 
inverting the signal at node 78 and making it high, solid 
state switch 90 is activated. A plus 15 volts is dropped 
across resistor 92 to the manual setting potentiometer. 
A capacitor 94 is used to filter this signal. This potenti 
ometer signal is sent to output buffer amplifier 96 to 
node 98. From node 98, this manual setting is passed 
through solid state switch 90 to node 62, through node 
62 to the output buffer amplifier 68, and this signal is 
then impressed on the output line A-out. Output line 
A-out again goes to pad R on the connector P1. So, 
when switch 1 is in the manual position, the manual 
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setting of the potentiometer becomes the analog output 
signal sent to the field devices through connector P1. A 
signal also goes from node 98 to the manual display 
devices so that the display devices shown in FIG. 6 can 
be activated with the setting of the manual potentiome- 5 
ter. Several other functions also occur within the man 
ual control section of the controller. The signal on node 
78 is impressed on the signal line to node 100 where it is 
passed to logic inverter 102 and then impressed in the 
alternate state on signal line MAN. MAN, as was shown 
in FIG, 5, is fed back to VIAO and then onto the data 
bus to inform the microprocessor that the controller has 
been set in manual mode. Similarly, a signal DOG 
comes from VIA0. DOG is a pulse alternating between 
high and low that repeats every 50 millisecond. It is fed 
to a timer discriminator which times the signal, com 
pares it to an internal timer and if the signal ceases to 
oscillate, outputs a high signal to logic inverter 104. 104 
passes this signal onto an additional logic inverter 106 
where it is impressed on pad P of connector P1. This 
then goes to a digital field device to inform the digital 
field device that the controller microprocessor has 
failed. This signal is also passed to buffer 108 which is 
connected to node 58. In this manner, in case the micro 
processor has failed, buffer 108 drives node 58 low. If 25 
solid state switch 60 had been activated by setting the 
switch 1 into automatic, buffer 108 will take this high 
signal and drive it low, preventing the analog output of 
the microprocessor from being transmitted as an output. 
The signal from the inverter 104 is also fed to a buffer 
110 connected to node 112. If the timer discriminator 
has determined that the microprocessor has failed and a 
low signal therefore is put out by inverter 104, buffer 
110 drives the signal at node 112 low and lights LED2. 
If switch 1 had been set in the automatic mode, we 
would have a situation where LED 1 would be lit be 
cause node 51 was low and LED 2 would be simulta 
neously lit because node 89 was low. This informs the 
operator, visually from the outside of the controller, 
that the microprocessor in the controller has failed 
because both LED2 and LED 1 would be lit at the 
same time. A signal H also is connected to node 112. H 
is connected as mentioned before to digital output line 
DO7 in FIG. 5A. If the controller has been set in soft 
manual mode, that is, the condenser has informed the 
controller that it should be set at a manual setting, then 
digital output line DO7 will alternate between a high 
and a low state. This will cause node 12 to go alter 
nately high and then low, thus blinking LED 2. The 
operator then, in observing the front of the panel, can 
see that if LED 2 is blinking, then he knows that the 
controller is set in computer or soft manual control. The 
signal from the inverter 104 is also fed to AND GATE 
120. Also, the signal from node 100 is fed to the AND 
GATE as is a signal from switch 2. A pull-up resistor 
122 impresses five volts on node 124 and capacitor 126 
filters this signal. These signals are also fed to the AND 
GATE 120. A momentary switch, switch 2, can ground 
node 124. AND GATE 120 passes a low signal if any 
signal inputted to it is low. In order to pass a high signal, 
all signals into AND GATE 120 must be high. AND 
GATE 120 is to control the displays on the front of the 
controller. In the simplest case, the fail signal from 
inverter 104 is high. Node 78 from switch 1 would be 
high when the switch is in the lower or automatic posi 
tion, therefore, node 100 would be high and switch 2, 
being not depressed, would cause the signal on node 124 
to be high. Therefore, all signals to AND GATE 120 
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would be high the output to node 130 would be 
high. This signal at node 130 is outputted on signal line 
C/M. As will be explained below, this signal is sent to 
the display devices. An inverter 132 then turns this 
signal low where it goes through logic inverter 140 
where it becomes again high. Since it is high, both ends 
of resistor 142 would be high and LED would not be lit, 
signifying that the display units are displaying process 
variable on Display 1 and set point on Display 2. The 
signal from node 133 then goes through buffer 134 and 
is output on signal line M/C. As can be seen, when C/M 
is high, M/C is low, and conversely, when C/M is low, 
M/C is high. Now, if switch 2 is depressed, node 124 is 
pulled low. This causes the AND GATE to output a 
low signal on signal line 130. Invertor 132 transfers the 
low signal on line 130 to a high signal on node 133. 
Invertor 140 then turns the high signal on mode 133 to 
a low signal allowing current to pass from the plus five 
volt power supply through LED 3 and through resistor 
142. Therefore, LED 3 is lit signifying that the output 
on the display is the output on Display 1 and the manual 
setting of the potentiometer on Display 2. A signal X is 
also inputted into the manual control. The signal X 
comes from VIA1 of FIG. 5 and is high when the con 
troller is communicating with the outside world. This 
signal line then causes inverter 150 to turn this signal 
low and drop the plus five volts across LED 4 and 
resistor 152. This causes LED 4 to be lit whenever the 
controller is communicating with the condenser. 

Referring back to FIG. 5A, it can now be seen how 
control lines C/M and M/C control which measure 
ments are being placed on Display 1 and Display 2. 
Signal lines C/M and M/C are always the compliment 
of one another. When C/M is high, M/C is low and 
conversely, when M/C is high, C/M is low. When a 
signal line is high, the device to which it is connected 
does not transmit and when the signal line is low, the 
device does transmit. To refresh our memory, the man 
ual display signal from the manual control device is fed 
on signal line 3 to analog to digital converter A/D 40. 
Here, the analog signal is converted to an eight bit 
digital signal. This signal is fed to a data selector/multi 
plexer back to the bidirectional data bus. This allows 
the manual setting of the potentiometer to be fed back 
to the microprocessor as a digital signal. The signals are 
also fed to Octal D Flip/Flop Tri-State device 43. A 
signal representation of the set point SP of the process 
variable is also fed from the bidirectional data bus to an 
Octal D Flip/Flop Tri-State device 42. The output of 
devices 42 and 43 are wired together into a display 
driver 46 and then to Display 2. Similarly, the analog 
out signal on line 2 is fed to analog to digital converter 
A/D 41. Here, the signal is converted to an eight bit 
digital signal and fed to Octal D Flip/Flop Tri-State 
device 44. The digital signal representing the process 
variable is fed from the bidirectional data bus to Octal D 
Flip/Flop Tri-State device 45. The output from devices 
44 and 45 are wired together and go to Display Driver 
47 and then to Display 1. Signal line M/C on line 4 is 
converted to devices 42 and 45. Signal line C/M is 
converted to devices 43 and 44. When node 130 of FIG. 
7 is low, then signal line C/M is low and signal line 
M/C is high. In this case, devices 43 and 44 transmit and 
devices 42 and 45 do not transmit. Display 2 becomes 
the manual setting of the potentiometer and Display 1 
becomes the output of the controller. When node 130 is 
high, C/M is high and M/C is low. Devices 43 and 44 
do not transmit but devices 42 and 45 do transmit. Then 

  



4,819, 149 
11 

Display 1 becomes the process variable and Display 2 
becomes the set point. 

Hardware - Condenser 

FIG. 8 is a visual representation of the front panel of 
the condenser unit. This shows the video display, the 
key pad and two indicator lamps, one for power and 
one for alarm. 
FIG. 9 is a block diagram of the internal workings of 

the condenser unit. A microprocessor 200 is provided. 
Microprocessor can be a Motorola MC6809 type de 
vice. This is connected to the computer buses, which 
includes a bus for data, for control and a third bus for 
address lines. Connected also to this bus is an EPROM 
or erasable programmable read only memory 202. Ran 
don access memory (RAM) 204 is also connected to the 
computer bus. An arithmetic processing unit 206 is 
provided for high level calculating power. A bubble 
memory 210 is provided and is controlled by direct 
memory access device 208. An address decoder 212 is 
connected to the computer buses and drives a program 
mable interface adapter (PIA) 214 which drives the 16 
attention lines A0 through A15. A parallel interface 
adapter 216 allows signals to go from the computer bus 
to a video driver decoder 218 which drives the CRT 
220, The key pad or keyboard 226 sends its signals to a 
keyboard decoder 224 and then to a peripheral interface 
adapter (PIA) 222 and eventually to the computer 
buses. A peripheral interface adapter 228 is the input 
Moutput device which allows the output communication 
bus and the input communication bus from the control 
lers to be read by the microprocessor in the condenser 
unit. The isothermal block analog inputs from the iso 
thermal field devices go into a multiplexer 234 which 
then sends one signal at a time to an analog to digital 
converter with internal interface adapter 232 such as an 
INTERSIL 7109 device. A parallel interface adapter 
236 allows interconnection to an optional digital bus. 
Serial communications to the subhost and to optional 
RS232 lines is provided by appropriate communication 
interface adapters 240, 242. A digital to analog con 
verter 244 with internal interface adapter such as an 
BECKMAN 758iC device provides an optional analog 
output from the condenser. The internal workings of 
the devices in the condenser are conventional as is 
known in the microprocessor arts. All the devices, how 
ever, are memory mapped. 
FIG. 10 is a memory map of the condenser's memory. 

The memory locations are given in hexadecimal nota 
tion. The dollar sign preceding the numbers indicates 
that the numerical representation is in hexadecimal 
format. The random access memory 204 is broken down 
into several memory locations as it is located on mem 
ory cards. The input/output devices also have specific 
memory locations. Generally speaking, all input/output 
devices reside in memory location EFFF through 
EC00, FIG. 10 gives a breakdown of the specific loca 
tions for the memory access for each of the particular 
input and output devices. 

Hardware - Subhost 

The subhost is a microprocessor-based, stand-alone 
computer systern as shown in FIG. 11, which includes a 
process operator's console unit. On the process opera 
tor's console unit is provided a printer, an alarm inter 
face, two CRT tubes and a keyboard. The microproces 
sor 300 is an Intel 8086 type microprocessor with the 
8087 math coprocessor. This is connected to computer 
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buses which include the address lines, control bus and 
data buses. Also attached to the computer buses is an 
erasable programmable read only memory EPROM 
310, random access memory 312, a disk controller 314, 
an intelligent communication processor 328 and a digi 
tal input/output board 324. The microprocessor 300 is 
connected to a serial input/output device 302 which is 
connected to a printer 304. A keyboard 308 is con 
nected to a serial input/output device 306 which sends 
its signals to the microprocessor. The disk controller 
34 can drive a series of Winchester hard drives which 
can be of the 15 megabyte variety and are represented 
by 316 and 318. The disk controller can also drive two 
floppy disk drives, such as, item 320 and 322, which can 
be 650 kilobyte 5 inch type floppy drives. A digital 
output device 324 is used to activate solid state relays 
for alarming and activating lamps on the face of the 
process operator's console as is indicated by item 326. 
The intelligent communications processor 328 is con 
nected to an SDLC, synchronous data link communica 
tion, device 330 which provides the serial communica 
tion to the condensers which are associated with the 
subhost. The intelligent communication processor also 
provides an SDLC communication module 332 which 
provides serial communication to a host computer. Two 
serial output devices 334 and 340 are used to drive the 
CRTs. Serial output device 334 is connected to CRT 
driver 336 which is connected to CRT 338. Serial out 
put device 340, similarly, is connected to the video 
driver 342 which drives CRT 344. The operator, 
through the keyboard, can call up status and alarm 
symbols on one CRT, such as 338, and call up loop 
identification information on the second CRT 334. In 
ternal alarming is also available on the alarm display 
board 326. At the operator's command, communication 
can be initiated by the subhost down through the con 
denser to any controller within this subhost command. 
The operator can also change process parameters or 
place any controller in the soft or computer manual 
control. 

Standard Loop Record - Controller 
In order to understand the unique nature of the con 

munications between the controllers and the condenser, 
the condenser and the subhost, it is first important to 
understand how loop records are stored within the 
condenser and the controller and what these records 
represent. All of the tables which follow have a similar 
structure with codes which represent significant fac 
tors. A dollar sign before any number indicates that 
number is in hexadecimal notation system. Bit 0 is the 
most significant bit in a byte or a group of bytes. The 
following is a condensation of what some of the codes in 
these tables represent: 
*C= this value is also in control common 
"S=this value is changed by the computer 
*FP = this is a floating point value, and it is to be 

displayed as is 
*FM = this is the floating point value in bytes 36 

through 39 and requires a special conversion to display 
the span of the loop in engineering units 
"FE = this is a floating point process variable (0 

through 32767) and is to be displayed using the engi 
neering units conversion 
"FS = this is a floating point process variable (0 

through 32767) and is to be displayed using the semi 
engineering units conversion 
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"FO=this is a floating point loop output value (0 
through 32767) and is to be displayed with a trailing 
percent sign using an output conversion. 

Referring now to Table I, a description of a standard 
loop record, as it is stored in a controller, is given. First, 5 
the number of the byte, a short ID of the byte name, the 
particular bit within the byte and then a description of 
the information that is contained therein. For instance, 
the first two bytes in a standard loop record, that is, 
byte 0 and byte 1, contain the ID of the controller. This 10 
ID resides in bits 0 through 15. The loop identification 
is a code as is outlined in Table I. The next three bytes 
of information, that is, bytes 2, 3 and 4, also identify the 
controller by telling its rack number, which condenser 

14 
sole it is associated with. Byte 5 tells the controller 
which input subroutine is to be used on the information 
received from the field devices. Byte 7 also tells the 
controller which algorithm to use to process the con 
trol. The primary part of the standard loop record con 
tinues through byte 107. The information contained in 
the first 107 bytes is basically fixed or set by the com 
puter. Bytes 108 through 139 are variable data which is 
calculated by the computer. The information in any 
standard loop record is always in the same location 
within the record. In this manner, when the condenser 
asks for communication, a set portion of the memory 
which holds the standard loop record can be sent to the 
condenser so that information is passed upwards on a 

it is associated with and which process operator's con- 15 timely basis. 
TABLE I 

BYTE BYTE NAME BT DESCRIPTION 

DESCRIPTION OF PRIMARY PART OF STANDARD LOOP RECORD 
0-1 D 

2 POCNUM 

3 FACEP 

4. RKCTL 

s INSUB 

0.5 Loop identification (5 digits, 
00000-59999) 
lst digit = 0-5 for area 
identification 
2nd digit = Furnace no., channel 
no., etc. 
3rd digit = Loop function 
character, typically: 
O = T, Temperature loops 
i = A, Analyzer foops 
2 = B, Bushing temperature 
loops 
3 = C, Computed loops 
(ratio, average) 
4 = D, Data logging loops 
5 = E, Electrode noni 
toring loops 
6 = F, Flow loops 

L., Level loops 
P, Pressure loops 

9 = S, Speed loops or 
system loops 
4th & 5th 
digits = Sequential number 
within an area/type 
Process Operator's Console number 
(1-5, 0 if none) 
Subhost number (normally 1-15, 
0 if no Subhost) 
Face panel (Condenser) 
number (1-31) 
Isothermal block if thermocouple 
input (1-7) 
Rack number (i-12) 
Controller number within the 
rack (1-9) 

O Spare 
Input source (allowed subroutines 
in parentheses) 
O = No input (0,4,5,6,7,8,11) 
1 = Digital input 
2 = Analog input (0,4,5,6,7,11) 
3 = Input from another loop 
(1,2,3,9) 
Input subroutine 
0 = No input subroutine 
1 = Input from MEAS of loop 
in NMAD 
2 = Input from OUTPT of loop 
in INMAD 
3 = Input from SETPT of loop 
in NMAD 
4 = Input scaling without bad 
input check 
5 = Input scaling with bad 
input check 
6 = Thermocouple input 
7 = Orifice plate flow with 
zero check 
8 = Oxygen probe (temperature 
loop ID in INMAD, millivolt 

7 st 
8 is 

0-3 

4-7 

5-7 

0-3 
4-7 





BYTE 

5 
SOF 

6 
S10 

17 
S1 

18 
S12 

19 
S13 

20 
S14 

BYTE NAME BIT 

INALP 

NBAD 

OUALA 

OUALB 

BOPP 

MAUTO 

17 
TABLE I-continued 

4-7 

0-3 

4-5 

6-7 
0-1 

3-4 
5-7 
0-1 

4-7 

4-7 
0-2 

0 

4-5 
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DESCRIPTION 

2 = 5.0% of span 
3 = 10.0% of span 
Input high alarm action 
Bit 4 = 1 to put loop on manual 
Bit 5 = 1 to hold the output 
Bit 6 = 1 for audible signal 
Bit 7 = i to print a message 
Input low alarm action 
Bit 0 = t to put loop on manual 
Bit 1 = 1 to hold the output 
Bit 2 = 1 for audible signal 
Bit 3 = 1 to print a message 
Input out of limits counter 
(counting to 4 causes an input 
alarm) 
Spare 
Input bad counter 
Loop has an alarm 
Spare 
Counter for FILTER routine 
Output in alarm status 
0-1 = No alarm 
2 = Output low alarm 
3 = Output high alarm 
Output deadband 
0 = 0.1% of span 
1 = 1.0% of span 
2 = 5.0% of span 
3 = 10.0% of span 
Output high alarm action 
Bit 4 = 1 to put loop on manual 
Bit 5 = 1 to hold the output 
Bit 6 = 1 for audible signal 
Bit 7 = 1 to print a message 
Output low alarm action 
Bit 0 = 1 to put loop on manual 
Bit 1 = 1 to hold the output 
Bit 2 = 1 for audible signal 
Bit 3 = 1 to print a message 
Spare 
Bias decay rate 
0 = None 

as 0.01% of full scale 
ses 0.02% of ful scale 

0.03% of full scale 
0.06% of full scale 
0.12% of full scale 

6 = 0.24% of ful scale 
7 is 0.30% of ful scale 
Spare 
Filter count: Nurnber of times the 
input change has exceeded the limit 
without changing direction 
Where to store the output 
0 = Output goes to the field 
1 as Output option is in bits 
6-7 of CTLACT 
2 = Output goes nowhere 
3 = Spare 
Start-up condition on restart 
O = Restart on manual 
1 s Restart on last condition 
Bumpless transfer suppressed 
indicator 
0 = Bumpless transfer when 
going to auto 
i = No bumpless transfer 
Type of non-linear control action 
O = None 
1 = Non-linear integral control 
2 as Non-linear proportional 
control 
3 = Non-linear integral & 
proportional control 
Loop can be a slave indicator 
0 = Loop cannot be a slave 
l = Loop can be a slave 
Loop is a slave indicator (cascade 
light on) 
0 = Loop is not a slave 
1 = Loop is a slave (receives 

2 
3 
4. 
5 

aS 
8S 

tes 
tS 

tS 
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TABLE I-continued 

BYTE BYTE NAME BET DESCRIPTION 

data from a loop) 
21 CTLACT O Where to add bias 
15 O = Add bias to deviation 

1 = Add bias to output 
Type of control action 
Os Direct action 
1 = Reverse action 

2 Enable display of loop on front 
of controller 
O = Loop not displayed on 
controller 
1 = Loop is displayed on 
controller 

3 Link open/closed indicator 
O = Link is open (loop should 
not be scanned) 

as Link is closed (loop should 
be scanned) 

4. Auto/Manual operation indicator 
O = Auto/Manual works any time 
= AutoManual works only in 

engineering node 
s Setpoint ranping indicator 

O = No setpoint rainping 
1 = Has setpoint ramping 

6-7 If enabled in bits 0- of MAUTO, 
output of this loop 
O = Goes to MEAS of loop 
in OUTAD 
1 = Goes to SETPT of loop 
in OUTAD 
2 = Goes to BIAS of loop 
in OUTAD 
3 = Goes to KP of loop in OUTAD 

22 EDTPO 0-2 Spare 
S6 3- Display units 

O = Blank 16 at Log 
se Percent 17 is Ratio 

2 = Deg F. 18 = Lbs/Hr 
3 as CFH 19 = Deg C. 
4 = MCFH 20 = Spare 
5 at PS 2 = Ons 
6 = n H2O 22 = CFM 
7 = In Hg 23 s Gals 
8 = In Gl 24 s KW 
9s G.PH 25 as Watt 
10 = W 26 = Inch 
11 s GPM 27 = Spare 
1 = PSIA 28 = Spare 
13 = Los 29 = Spare 
14 = Wolts 30 se Spare 
15 = Amps 31 = Spare 

23 SETPLP 0-2 Setpoint change limit 
s O = 100.0% of span 

1 as 50.0% of span 
2 = 20.0% of span 
3 = 10.0% of span 
4 = 5.0% of span 
5 = 2.5% of span 
6 = 1.0% of span 
7 = 0.5% of span 

3-4 Used when displaying output on CRT 
Os Blank 
= Percent open (O) for valve 

2 as Percent closed (C) for 
valve 
3 = Spare 

S-6 Output change limit 
O = 100% of span 
i = 10% of span 
2 = 5% of span 
3 = 1% of span 

7 Stop control option indicator 
O = Stop control not being 
used, STPAD ignored. 
i = Stop control is being used 
STPAD inust contain the O 
of the stop control loop. 

24-2S STPAD O-5 If the stop control option in 
S18-S19 SETPLP is on, and the loop whose ID 

is in STPAD stops control, the 

20 
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TABLE I-continued 

BYTE BYTE NAME BET dESCRIPTION 
present loop will also stop 
control. 

26-27 OUTAD 0-15 Contains ID of loop to send output 
SA-3B to if selected in MAUTO and CTLACT 
28 SCALP 0-7 Scale factor for controller panel 
$1C display 
29 THERM 0-2 Type of thermocouple being read 
S1D 0 = None (bypass curve fitting) 

1 = Type J (Iron vs Constantan) 
2 = Type K (Chronel vs Alumel) 
3 = Type R (Pt vs. Pt, 13% Rh) 
4 = Type B (Pt, 6% Ph vs Pt, 
30% Rh) 
5 = Type C (W, 5% Revs W, 
26%. Re) 
6 = Type S (Pt vs Pt, 10% Rh) 
7 = Spare 

3 Thermocouple input change checking 
0 = No change check 
1 = Change check (i.e. break 
detection) 

4-5 Thermocouple change check limits 
0 as 1% of span 
1 = 5% of span 
2 = 10% of span 
3 = 50% of span 

6 RC Filter (0s Off, 1 = On) 
7 Spare 

30 TMCOM 0. Thermocouple cold junction 
S1E compensation 

O = Renote compensation 
1 = Local (isothernal block) 
compensation 

1-3 Remote compensation type conversion 
O = Type R (150 F) 
1 = Type R (200 F) 
2 = Type R (32 F) 
3-7 = Spare 

4. Input filtering indicator 
0 = No input filtering 
1 = Input filtering is used 

S-6 Filter type 
0 as No filter 
1 s A2/4/8 
2 = 1/4/16/64 
3 = Spare 

7 Input direction last time polled S 
0 = Increasing 
1 = Decreasing 

31 RVTIME O Furnace reversal indicator 
S1F O = This loop not affected by 

furnace reversal 
1 = This loop is affected by 
furnace reversal 

1-7 Control delay (seconds) after 
furnace reversal 

32-33 INMAD 0-15 Loop ID of where input comes from 
S20-S21 if selected in NSUB 
34-35 INMAD2 OS Loop ID when INMAD is not 
S22-S23 sufficient because more than one 

loop is needed (currently only 
needed by input subroutine 8) 

36-39 CONA *FM Scaling constants in: Y = CONA"X--CONB 
$24-S27 Y se Process variable in 

engineering units 
CONA = Span of process variable in 
eng. units/32767 

40-43 CONB tFP X = Waiue before conversion 
S28-S2B CONB = Walue in engineering units 

for X = 0.0 
44-47 ERLIM FS Deviation limit (must be >2"dead 
S2C-SF band, see ERALA) 
48-51 NHL FE Input high limit ac 
S30-S33 
52-55 INLOL 'FE Input low limit sc 
S34-S37 
56-59 OPLM *Fo Output high limit sc 
S38-S3B 
60-63 OPLOP Fo Output low limit $C 
S3C-S3F 
64-67 K +FP Integral gain (except averaging sc 
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TABLE I-continued 

BYTE BYTE NAME BT DESCRIPTION 

S40-$43 algorithm loops) 
For loops with averaging 
algorithm only: 

64-65 AWD O-5 ID of first loop to average 
(must be present) 

66-67 O-S Storage for IFIX(MEAS) from s 
first loop 

68-71 KP tFP Proportional gain (except C 
S44-S47 averaging algorithm) 

For loops with averaging 
algorithm only: 

68-69 AWD2 0-1S ID of second loop to average, 
or 0 if not used 

70-71 O-1s Storage for IFIX(MEAS) from aS 
second loop 

72-75 KNL FP Non-linear gain (except pulsed eC 
S48-4B output loops, or loops with 

averaging algorithm) 
For pulsed output loops only: 

PULGTH FP Pulse length in seconds 
For loops with averaging 
algorithm only: 

72-73 AVID3 O-S ID of third loop to average, 
or 0 if not used 

74-75 0-15 Storage for IFIX(MEAS) from s 
third loop 

76-79 KDECO tFP Derivative rate, normally 0.02 tic 
S4C-S4F to 5.0 decays per minute (except 

puised output and averaging 
algorithms) 
For pulsed output loops only: 

6 OUBIT 0.7 Specifies which pair of output 
bits will be used for pulsed 
digital output (1-4) 

77 FREQ O-7 Waveform factor for output pulse 
78 CKOLY 0-7 Count for settie tine after 

tap change 
For loops with averaging 
algorithm only: 

76-77 AWID4 OS ID of fourth loop to average, 
or 0 if not used 

78-79 O-S Storage for IFIX(MEAS) from ts 
fourth loop 

80-83 KDGA FP Derivative gain (except sc 
S50-S53 averaging algorithm) 

For loops with averaging 
algorithm only: 

80-81 AWIDS 0-15 ID of fifth loop to average, 
or 0 if not used 

82-83 O-5 Storage for IFIX(MEAS) from tes 
fifth loop 

84-87 BMPFR sFP Location for data from external tS 
S54-SS loop needed for bumpless transfer 

(except averaging algorithm) 
For loops with averaging 
algorithm only: 

84-8s AWO6 0-15 ID of sixth loop to average, 
or 0 if not used 

86-87 O-15 Storage for IFIX(MEAS) from tS 
sixth loop 

88-9 INPTFR sFP Location for data from external tS 
SS8-SSB loop in INMAD, used by input 

transfer routine 
92-95 CNSTNT tFP Constant for RC filter 
SSC-SSF 

For thermocouple input subroutine 
only: 

96-99. COLD FP Cold junction temperature $S 
S60-S63 (deg F) 

For ratio input subroutine only: 
INPTF2 tFP Data from MEAS of loop :S 

in OUTA 
OOO3 TRGSPT FE Final setpoint at end of ramping 
S64-S67 
04-0 RMPRAT tFS Ranping rate (engineering units 
S68-S6B per second) 

DESCRIPTION OF WARIABLE PART OF STANDARD LOOP 
08-1 MSGWRD O Current Auto/Manual status S 
S6C-S6F (O= Manual, = Auto) 

Auto/Manual status last time s 
2 Current hard manual switch S 

24 
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TABLE I-continued 

BYTE BYTE NAME BT DESCRIPTION 

reading (0= Off, 1 = On) 
3 Hard manual status last tine 8S 
4. Control stopped (controller is sts 

holding output) 
5 Hold output indicator (command es 

to controller) 
6 Spare 
7 Setpoint is ramping indicator OS 
8 Input bad (out of range of ADC) 9S 
9 Deviation high error indicator sS 
0 Deviation low error indicator •S 
1 Output high error indicator •S 
2 Output low error indicator •S 
13 Input high error indicator 8S 
14 Input low error indicator tS 
15 ADC bad (conversion did not &S 

finish in time) 
16-23 Spare byte 
24 Furnace reversai alarm tes 
25-26 Spare (reversed for alarms) 
27-29 Controller communications tes 

error status 
Bit 27 = 1 if no response 
from controller 
Bit 28 = 1 if protocol error 
detected 
Bit 29 = 1 if command reject 
response from 
Controller 

30 Loop needed by this loop cannot tS 
be found 

31 Error in setup of this loop 8S 
112-115 MEAS sfE Measured value after INSUB eS 
S70-$73 and filtering 
16-119 SETPT tFE Setpoint (same units as MEAS) tC 

S74-s77 
20-123 OUTPT tFO Output •S C 
S78-S7B 
124-127 BAS tFS Value of bias to be added 8S C 
S7C-S7F 
128-13 REST 8FP Reset integral tes 
$80-$83 
132-13S DSTO eFP Derivative contribution to es 
S84-887 output 
136-139 MANPOT (FO Manual potentiometer reading ts 
S88-S8B 

additional information is stored in the condenser and 
Standard Loop Records - Condenser/Subhost subhost in bytes 140 through 167. This condenser local 

Both the condenser and the subhost contain not only part of the standard loop allows the condenser to use 
the same 140 bytes of information that the controller' logic to call up only specific portions of the information 
contains but also contains additional information. The in the standard loop of the controller for updating. 

TABLE II 
DESCRIPTION OF CONDENSER LOCAL PART OF STANDARD LOOP 

BYTE BYTE NAME BIT DeSCRIPTION 

40 MSFLAG O Delete loop command needs to be 
S8C sent to controller. 

Delete loop command has been sent 
to controller-this loop has been 
logically deleted. 

2-4 New Loop (or controller needs 
reloaded) indicators 
0 = Not a new loop and 
controller not reloaded 
= Entire loop data for a new 

loop has been sent to load 
the appropriate controller 
and needs to be reported to 
the subhost, 
2 = Entire loop data has been 
sent to reload a controller 
and this reloading needs to 
be reported to the subhost. 
5 = This is a new loop which 
needs to be sent to the 
appropriate controller. 
After the loop has been 
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noted that the number 16 stood for electrode monitor- 1043. Referring to Table III, a coding is given for each 
ing. The primary part of an electrode monitoring loop electrode and what its voltage range, current range, 
will contain 532 bytes of information, that is, byte 0 resistance set point, resistance deviation limit, voltage 
through bytes 531. The variable part of an electrode amperage and resistance values are for what particular 
monitoring loop is contained in bytes 532 through bytes 5 memory location, 

TABLE III 
DESCRIPTION OF PRIMARY PART OF ELECTRODE MONITORNG LOOP 

BYTE BYTE NAME BIT DESCRIPTION 

0-1 D 0-15 Loop identification (5 digits, 
00000-59999) 
1st digit = 0-5 for area 
identification 
2nd digit = Furnace no., channel 
o, etc. 

3rd digit = Loop function character 
(usually 5 = E for 
electrode monitoring 
loops) 
4th & Sth 
digits = Sequential number 
within an area/type 

2 POCNUM 0-3 Process Operator's Console number 
(1-5, 0 if none) 

4-7 Subhost number (normally 1-15, 
o if no Subhost) 

3 FACEP 0-4 Face panel (Condenser) 
number (1-31) 

5-7 Spare 
4. RKCTL 0-3 Rack number (1-2) 

4-7 Controller number within the 
rack (-19) 

5 INSUB 0-2 Spare 
3-7 Input subroutine (16 for electrode 

nonitoring) 
6 ANPT 0-3 Spare 

4-7 Analog input multiplexer specifi 
cation 
O = Not multiplexer input 
1-8 = Multiplexer input point 
number 

7 MUXTM 0-7 Settle time (number of scans 
between readings) 

8-9 RAWD 0-15 Raw data reading •S 
10-11 ELSCAN 0-15 Address in Controller of point S 
SOA-0B being multiplexed 
2-15 MNWLT "FP Minimum allowed voltage 
SOC-SOF 
6-19 MINAMP FP Minimum allowed current 
S0-S3 
20-531 CONAV "FP Voltage range for n-th electrode 
S14-S213 pair 

CONA "FP Current range for n-th electrode 
pair 

RSETPT *FP Resistance setpoint for n-th 
electrode pair 

RoW "FP Resistance deviation limit for n-th 
electrode pair 

Electrode CONAV(n) CONAI(n) RSETPT(n) RDEV(n) 
20 S14 24 S18 28 S1C 32 S20 

2 36 S24 40 S28 44 $2C 48 S30 
3 52 $34 56 S38 60 S3C 64 $40 
4 68 $44 72 S48 76 S4C 80 S50 
5 84 $54 88 S58 92 S5C 96 S60 
6 100 S64 104 S68 108 S6C 12 S70 
7 16 S74 20 S78 24 SC 28 S80 
8 132 S84 36 S88 140 S8C 44 S90 
9 148 $94 152 S98 56 S9C 160 SA0 
10 164 SA4 168 SA8 72 SAC 76 SBO 
11 180 SB4 84 SB8 88 SBC 192 SCO 
12 196 SC4 200 SC8 204 SCC 208 SDO 
13 22 SD4 216 SD8 220 SDC 224 SEO 
14 228 SE4 232 SE8 236 SEC 240 SFO 
15 244 SF4 248 SF8 2S2 SFC 256 SOO 
16 260 S104 264 S08 268 SOC 272 SO 
17 276 S4 280 S18 284 S1C 288 S120 
18 292 S124 296 S128 300 S12C 304 S30 
19 308 S134 312 S138 36 S3C 320 S140 
20 324 S144 28 S48 332 S14C 336 S150 
21 340 S154 344 S58 348 SSC 352 Sl60 
22 356 S64 360 S68 364 S6C 368 S170 
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TABLE III-continued 

34 

DESCRIPTION OF WARIABLE PART OF ELECTRODE MONITORING LOOP 

27-29 Controller communications 
error stats 

$44-S417 

Bit 27 = 1 if no response from 
Controller 
Bit 28 = 1 if protocol error 
detected 
Bit 29 = 1 if command reject 
response from 
Controller 

30-31 Spare 

tS 

Electrode Monitoring Loop - Condenser/Subhost 
In addition to the 1048 bytes of information contained 

in the controller electrode monitoring loop, the con 
denser has additional information stored in its concern 
ing the electrode monitoring loop. This additional infor 
nation is stored in bytes 1048 through bytes 1199. The 
same information is stored in the subhost. This portion 
of the electrode monitoring lop gives the condenser or 
the subhost the ability to initiate specific communica 
tions to reload or delete specific electrode monitoring 
loops form the system. 

TABLE IV 
DESCRIPTION OF CONDENSER LOCAL PART 

OF ELECTROE MONITORNG LOOP 
BYTE BYTE NAME BIT OSCRIPTION 

1048 EMFLAG O Delete loop command needs 
S48 to be sent to controller. 

1 Delete loop command has 
sent to controller, but 
logging report has not been 
sent to subhost. 
New loop (or controller 
needs reloaded) indicators 
0 = Not a new loop and 
controller not reloaded 
1 = Entire loop data for a 
new loop has been sent 
to load the appropriate 
controller and needs to be 
reported to the subhost. 
2 as Entire loop data has 
been sent to reload a 
controller and this 
reloading needs to be 
reported to the subhost. 
5 = This is a new loop 
which needs to be sent to 
the appropriate controller. 
After the loop has been 
loaded, a report should be 
sent to the subhost. 
6 = The controller 
responsible for this loop 
has requested a reloading 
of its loops, 
After this loop has been 
reloaded, a report should 
be sent to the subhost. 

5 Some change in the loop 
data has been successfully 
sent to the appropriate 
controller and now 
needs to be reported to the 
subhost. This bit is a logical 
OR of all the bits 
in the ESFLAG array. 

6 Spare 
7 Some change in the loop 

data needs to be sent to 
the appropriate controller, 
This bit is a logical OR 
of all the bits in the 
ENFLAG array. 

2-4 

20 

25 

35 

40 

45 

55 

65 

TABLE IV-continued 
DESCRIPTION OF CONDENSER LOCAL PART 

OF ELECTRODE MONITORING LOOP 
BYTE NAME BI DESCRIPTION 

ENFLAG all Each bit corresponds to a 
block of 4 bytes in the 
loop record, counting 
sequentially from the ID 
byte up to the start of the 
condenser local area. A bit 
set means that one or more 
bytes in the block has 
(have) been changed, and 
that the changed block has 
not yet been sent to the 
controller. Since no 
cascading is allowed with 
electrode monitoring loops, 
the change had to have 
come from either the local 
condenser keyboard or the 
POC connected to the 
subhost. 
After the change has been 
sent to the controller, it 
should be reported to the 
subhost for logging; i.e., as 
bits in ENFLAG are 
cleared, the corresponding 
bits in ESFLAG should be 
Set, 
Each bit corresponds to a 
block of 4 bytes in the 
loop record, counting 
sequentially from the ID 
byte up to the 
start of the condenser local 
area. A bit 
set means that one or more 
bytes in the block has (have) 
been changed, and the change 
should now be reported 
to the subhost for logging. 
The change may have 
been from a keyboard entry 
which has been successfully 
sent to the controller. 
It may also have been 
an alarm status change 
detected by the controller 
and sent to the condenser. 
Spare 

BYTE 

1049-1081 
$49-S439 

1082-114 ESFLAG all 

115-1199 
$45B-$49B 

Condenser Master Loop 
In addition to being able to communicate with the 

controllers, the condenser also is the input device for 
the isothermal block inputs from the field isothermal 
devices. A master loop is provided within the con 
denser to be able to read this information, store it and 
get it to the proper controller. A master loop is pro 
vided in the condenser to handle this manipulation of 
the information. This is in bytes 0 through 167 in the 
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TABLE V-continued 
DESCRIPTION OF PRIMARY PART OF CONDENSER MASTER LOOP 

BYTE NAME, BT DESCRIPTION 

O 
is sent to subhost) 
Isothermal block 1 polarity 
etor 

Isothermal block ADC overrange 
error 

Isothermal block input high 
eto 

Isothermal block input low 
ero 

Isothermal block 1 input rate of 
change error 
Spare 
Isotherinal block 1 calibration 
has been changed (reset when 
calibration is sent to subhost) 
New alarm status in bits 0-4 of 
this byte (reset when this byte 
is sent to subhost) 
Isothermal block 2 polarity 
ed 

Isothermal block 2 ADC overrange 
ed 

Isothermal biock 2 input high 
ero 

Isothermal block 2 input low 
erro 

Isothernal block 2 input rate of 
change error 
Spare 
Isothermat block 2 calibration 
has been changed (reset when 
calibration is sent to subhost) 
New alarm status in bits 0-4 of 
this byte (reset when this byte 
is sent to subhost) 
Isothernal block 3 polarity 
e 

Isothermal block 3 ADC overrange 
error 

Isothernal block 3 input high 
e 

Isothcrnal block 3 input low 
error 

Isothermal block 3 input rate of 
change error 
Spare 
Esothernal block 3 calibration 
has been changed (reset when 
calibration is sent to subhost) 
New aiarn status in bits 0-4 of 
this byte (reset when this byte 
is sent to subhost) 
Isothermal block 4 polarity 
e 

Isothermal block 4 ADC overrange 
e 

Isothermal block 4 input high 
e 

Isothermal block 4 input low 
error 

Isothermal block 4 input rate of 
change error 
Spare 
Isothermal block 4 calibration 
has been changed (reset when 
calibration is sent to subhost) 
New alian status in bits 0-4 of 
this byte (reset when this byte 
is sent to subhost) 
Isothermal block 5 polarity 
eto 

Isothermal block 5 ADC overrange 
e 

Isothermal block 5 input high 
e 

Isothermal block 5 input low 
error 

Isothermal block 5 input rate of 
change error 
Spare 

tS 

tS 

tS 

8S 

tS 

S 

(S 

ts 

es 

tS 

es 

sS 

eS 

tS 

tes 

s 

S 

eS 

tS 

:S 

S 

(S 

tS 

es 

S 

s 

s 

S 

's 



BYTE 

SF 

32 
520 

52-55 
S34-S37 

60-63 

64-67 
S40-$43 

68-71 
$44-S47 

76-79 

80-83 
S50-553 

88-9 
S58-SSB 

92-95 

BOFSET 

SOLOL 

SOHIL 

SOCHL 

SOCAL 

SOTMP 
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TABLE V-continued 
DESCRIPTION OF PRIMARY PART OF CONDENSERMASTER LOOP 

BYTE NAME BET DESCRIPTION 

6 

: 

aFP 

FP 

tFP 

eFP 

sfp 

sFP 

tFP 

FP 

oFP 

Isothermal block 5 calibration 
has been changed (reset when 
calibration is sent to subhost) 
New alarm status in bits 0-4 of 
this byte (reset when this byte 
is sent to subhost) 
Isothermal block 6 polarity 
etO 

Isothermal block 6 ADC overrange 
erot 

Isothermal block 6 input high 
ero 

Isothermal block 6 input low 
erto 
Isothermal block 6 input rate of 
change error 
Spare 
Isothermal block 6 calibration 
has been changed (reset when 
calibration is sent to subhost) 
New alarm status in bits 0-4 of 
this byte (reset when this byte 
is sent to subhost) 
Isothermal block 7 polarity 
eTO 

Isothernal block 7 ADC owcrrange 
etc.) 

Isothermal block 7 input high 
errot 
Isothermal block 7 input low 
error 

Isothermal block 7 input rate of 
change error 
Spare 
Isothermal block 7 calibration 
has been changed (reset when 
calibration is sent to subhost) 
New alarm status in bits 0-4 of 
this byte (reset when this byte 
is sent to subhost) 
Bubble mcmory page offset for 
process loop table (Zero when sent 
from subhost) 
Spare 

Isothermal block input temperature 
reading lower limit (degrees 
Fahrenheit) 
Isothermal block input temperature 
reading upper limit (degrees 
Fahrenheit) 
Isothermal block input temperature 
reading change limit (Fahrenheit 
degrees/second) 
Calibration for isothermal block l 
sensor (degrees Fahrenheit per 
0.0001 volts), nominally 0.159 
Calibration for isothermal block 2 
sensor (degrees Fahrenheit per 
0.0001 volts), nominally 0.159 
Calibration for isothermal block 3 
sensor (degrees Fahrenheit per 
0.000 volts), nominally 0.159 
Calibration for isothermal block 4 
sensor (degrees Fahrenheit per 
0.0001 volts), nominally 0.59 
Calibration for isothermal block 5 
sensor (degrees Fahrenheit per 
0.000 i volts), nominally 0.159 
Calibration for isothermal block 6 
sensor (degrees Fahrenheit per 
0.0001 volts), nominally 0.159 
Calibration for isothermal block 7 
sensor (degrees Fahrenheit per 
0.0001 volts), nominally 0.159 
Raw Tcmperature reading (may be 
invalid) fron isothermal block 1 
(degrees Fahrenheit) 
Raw Temperature reading (may be 
invalid) from isothermal block 2 

as 

aS 

s 

ss 

tS 

8S 

(S 

S 

S 

s 

S 

s 

tS 

ts 

is 

tS 
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TABLE V-continued 
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DESCRIPTION OF PRIMARY PART OF CONDENSERMASTER LOOP 
BYTE BYTE NAME BIT DESCRIPTION 

(degrees Fahrenheit) 
96-99 'FP Raw Temperature reading (may be &S 
S60-S63 invalid) from isothermal block 3 

(degrees Fahrenheit) 
100-103 FP Raw Temperature reading (may be tS 
S64-S67 invalid) from isothermal block 4 

(degrees Fahrenheit) 
104-107 FP Raw Temperature reading (may be es 
S68-S6B invalid) from isothermal block 5 

(degrees Fahrenheit) 
103-1 'FP Raw Temperature reading (may be tS 
S6C-86F invalid) fron isotherina block 6 

(degrees Fahrenheit) 
112-15 *FP Raw Temperature reading (may be s 
S70-S73 invalid) from isothermal block 7 

(degrees Fahrenheit) 
116-19 CLDTBL FP Temperature for cold junction tS 
S74-S77 compensation of thermocouples 

on isothermal block (deg F.) 
120-123 FP Temperature for cold junction tS 
S78-S7B compensation of thermocouples 

on isothermal block 2 (deg F.) 
124-127 "FP Temperature for cold junction S 
s7C-S7F compensation of thermocouples 

on isothermal block 3 (deg F.) 
128-31 FP Temperature for cold junction tS 
S80-S83 compensation of thermocouples 

on isothermal block 4 (deg F.) 
132-135 FP Temperature for cold junction es 
S84-S87 compensation of thermocouples 

on isothermal block 5 (deg F.) 
136-39 "FP Temperature for cold junction •S 
S88-58B compensation of thermocouples 

on isothermal block 6 (deg F.) 
140-143 FP Temperature for cold junction •S 
S8C-S8F compensation of thermocouples 

on isothermal block 7 (deg F) 
144-167 Spare 

Input Subroutines 
40 

Since the controller can handle any type of field 
information such as pressure, temperature, flow, several 
different subroutines are needed to condition the input 
information into a format which can be handled by the 
controller. These input subroutines are imbedded in the 
standard loop record on bits 3 through 7 of byte 5 of the 
loop records. Table VI gives not only the information 
and number which needs to be in these bits, but also 
gives an explanation of the purpose and the action taken 
by the subroutines. 

TABLE VI 
INPUT SUBROUTINES 

Bits 3-7 of Byte 5 of Loop Records 
DESCRIPTION 

No input subroutine 
Input from MEAS of loop in INMAD 
Input from OUTPT of loop in INMAD 
Input from SETPT of loop in INMAD 
Input scaling without bad input check 
Input scaling with bad input check 
Thermocouple input 
Orifice plate flow with zero check 
Oxygen probe (temperature loop ID in 
NMAD, milivolt loop ID in INMAD 2) 
Ratio (MEAS of INMAD)/(MEAS of OUTAD) 
Spare 
Orifice plate flow without zero check 
Spare 
Electrode resistance monitoring 
Spare 

INSUB 

45 

SO 

55 

65 

TABLE VI-continued 
INPUT SUBROUTINES 

input Subroutine 1 - Input from MEAS of Loop in INMAD 
Purpose: Transfers the measured value of one loop into the 

measured value of another loop. 
Takes the floating point process variable in bytes 
112-115 (MEAS) of the standard loop defined in bytes 
32-33 (INMAD) and places it in bytes 1 12-115 (MEAS) 
of current loop. 

Input Subroutine 2 - input from OUTPT of Loop in INMAD 

Action: 

Purpose: Transfers the output value of one loop into the 
measured value of another loop. 

Action: Takes the floating point output variable in bytes 
120-123 (OUTPT) of the standard loop defined in 
bytes 32-33 (INMAD) and places it in bytes 112-115 
(MEAS) of current loop. 

Input Subroutine 3 - input from SETPT of Loop in INMAD 
Purpose: Transfers the setpoint value of one loop into the 

measured value of another loop. 
Action: Takes the floating point setpoint variable in bytes 

116-119 (SETPT) of the standard loop defined in 
bytes 32-33 (INMAD) and places it in bytes 112-115 
(MEAS) of current loop. 

Input Subroutine 4 - Input Scaling Without Bad Input Check 
Purpose: Converts 2 to 10 volt input signal to 0 to 32,767 

computer units. 
Action: Removes 2 volts from reading and linearly scales 

remaining voltage to 0 to 32,767 computer units and 
places this value in bytes 112-115 (MEAS) of current 
loop. 

Input Subroutine 5. Input Scaling With Bad Input Check 
Purpose: Checks input signal for signal error and converts 2 

to 10 volts input signal to 0 to 32,767 computer 
units. 

Action: Checks for at least 2 volts input. If 2 volts or 
greater, the bad input counter, bits 0 and l of byte 
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TABLE WI-continued 
INPUT SUBROUTINES 

6 (INBAD) is reset. If less than 2 volts, the 
input bad counter is incremented, bit 2 of byte 16 

(INBAD) and this loop is bypassed. Once the input 
is bad, three times in succession, the loop is forced to 
manual. Otherwise, 2 volts is renoved from the input and the 
remaining voltage is linearly scaled to 0 to 32,767 computer 
units and placed in bytes 112-115 (MEAS) of current loop. 

Purpose: 

Action: 

Input Subroutine 6 - Thermocouples 
Curve fit, cold junction or remote compensation, and 
break check. 
Table look up of the temperature per millivolt input 
signal. 
The following are choices that can be entered 
through the condenser 
Define the type of thermocouple fron bits 0-2 of 
byte 29 (THERM) in this standard loop 

- J - Iron Constantan 
2 - K - Chronel Alunel 
3 - R - Platinum - Patinum.13% Rhodium 
4 - B - Platinuin 6%/Platinum 50% 
5 - C - Tungsten 5% Rhenium/Tungsten 26% Rhenium 
Define change check (open thermocouple) from bit 3 
of byte 29 (THERM) in this standard loop 
If the thermocouple reading changes by more than the 
limit chosen below, the loop will force itself on 
manual 
0 - No check change - no action on input changes 
1 - Change check selected 
Change check limit (if change check chosen above) 
from bits 4-5 of byte 29 (THERM) in this standard 
loop 
0 - 1% of full range 
1 - 5% of full range 
2 - 10% of full range 
3 - 50% of full range 
Cold junction or remote compensation from bits 0-3 
of byte 30 (TMCOM) in this standard loop 
0 - Remote compensation 
A millivolt signal equivalent to the below 
temperatures for a type r thermocouple is 
added to the controller reading for 
temperature calc. 
0 - Type R 32 degrees 

- Type R 150 degrees 
3 - Type R200 degrees 
1 - Cold junction comp. - This selection will add 
a millivolt signal to the controller reading. 
This compensation temperature is read at the 
condenser isotherino block. 
Information is stored in bytes 12-115 (MEAS) of 
current loop 

Input Subroutine 7 - Orifice Plate Flow With Zero Check 
Purpose: 

Action: 

This routine checks 2 to 10 volt signal from orifice 
flow device for signal error, subtracts 2 volts 
offset, takes square root of remaining signal and 
scales this value linearly into 0 to 32,767 computer 
units. 
Checks for at least 2 volts input from orifice flow 
device. If 2 volts or greater the bad input 
counter, bits 0 and 1 of byte 16 (NBAD) is reset. 
If less than 2 volts, the input bad counter, bit 2 
of byte 16 (INBAD) is incremented and this loop is 
bypassed. Once the input is bad, three times in 
succession, the loop is forced to manual. 
Otherwise, 2 volts is removed from the input and the 
square root is taken of the remaining voltage. This 
square root value is linearly scaled to 0 to 32,767 
computer units and placed in bytes 112-115 (MEAS) of 
current loop. 

5 

5 

25 

30 

35 

45 

SO 

55 

44 
TABLE VI-continued 
INPUT SUBROUTINES 

Input Subroutine 8. Oxygen Probe 
Purpose: Calculates percent oxygen present by taking raw 

measurement from oxygen probe and correcting for 
temperature. 

Action: Reads bytes 112-115 (MEAS) from loop identified in 
bytes 34-35 (INMAD 2) as raw oxygen measurement in 2 
to 10 volt signal. Reads bytes 1 12-115 (MEAS) from 
loop identified in bytes 32-33 (INMAD) as 
tenperature measurement. Calculates oxygen 
measurement S = f(oxygen meas) x f(temperature). 
Converts signal S to 0 to 32,757 computer units and 
places this value in bytes 2-115 (MEAS) of current 
loop. 

input Subroutine 9 - 
Ratio (MEAS of INMAD)/(MEAS of OUTAD) 

Purpose: Provide a readout of the actual ratio being 
maintained by ratio control elements. 

Action: Reads input from bytes 112-115 (MEAS) of standard 
loop defined in bytes 32-33 (INMAD), divides this 
value by output from bytes 26-27 (OUTAD) of current 
loop and scales the results to 0 to 32,757 computer 
units and places this value to bytes 12-15 (MEAS) 
of current loop. 

- input Subroutine 11 - Orifice Plate Flow Without Zero Check 
Purpose: This routine takes square root of 2 to 10 volt 

signal from orifice flow device and scales this 
value linearly into computer units. 

Action: This routine takes 2 to 10 volt signal from orifice 
flow device, takes square root of reading, linearly 
scales square root reading into 0 to 32,757 computer 
units and places this value in bytes 12-115 (MEAS) 
of current loop. 

Input Subroutine 6 - Electrode Resistance 
Calculation and Error Processing - 

Purpose: This routine will read the voltage and amperage of 
each of a possible 32 electrodes. The minimum and 
maximum voltage and amperage permitted arc checked 
and will alarm if out of limits. The ohms is 
checked against the deviation permitted on this 
electrode. If the resistance is high or low and was 
not the last time scanned, the high or low out of 
limits alarm is set and the high or low message 
printed. The annunciator is turned on when an 
electrode goes into alarm regardless of the 
condition of the annunciator (one might already be 
in alarm). The front Led display will provide a 
flashing element number on the bar graph left and 
right displays, EX. if element 23 is in alarm, the 
left display will display 20 and the right display 
30. The controller will scan the electrode pairs at 
a rate entered on the condenser loop setup. 

Action: Specific locations for voltage readings (VOLTR), 
ampere readings (AMPR) and resistance calculations 
(RESIS) are given in electrode monitoring loop 
write up. 

Algorithms 
Because of the diversity of information being fed to 

the controllers and the diversity of the type of control 
which is needed for different types of input, a number of 
algorithms are available within each controller. The 
standard loop record contains the choice for algorithms 
on bits 0 through 4 of byte 7. These algorithms are listed 
in Table VII including the type of control, the action 
taken and whatever calculation is necessary to perform 

60 the algorithm. 
TABLE VII 
ALGORTHMS 

ALGORTHM 
OPTIONS DESCRIPTION 

O Spare 
Integral control 

2 Integral and proportional controi 



Calculation: 

Purpose: 
Action: 

Calculation: 

Purpose: 
Action: 

Calculation: 

Purpose: 
Action: 

Calculation: 

where: 
and 

Purpose: 

Action: 

4,819, 149 
45 
TABLE VII-continued 

ALGORTHMS 

3 Integral, proportional and 
non-linear control 

4. Integral, proportional, non-linear 
and input derivative control 

5 Average a number of process 
variable 

7-9 Spares 
O Ratio control 
-5 Spares 
16 Integral, proportional, non-linear 

and error derivative control 
17 Timed pulse duration 

18-31 Spares 

Algorithm l- Integral Control 
Control 
1. Input bad alarn 
2. Input high/low alarm 
3. Error high/low alarm 
4. Output high/low alarm 

Output = X(KP)(KI)(E) + B 
KP = Proportional Gain 
KI = Reset Rate, Repeats/Minute 
E is Error 
B = Bias 

Algorithm 2 - Integral and Proportional Control 
Control 
1. Input bad alarm 
2. Input high/low alarm 
3. Error high/low alarm 
4. Output high/low alarm 

Output (KP)(E) + X(KP)(KI)(E) + B 
KP = Proportional Gain 
KI = Reset Rate, Repeats/Minute 
E = Error 
B = Bias 

Algorithm 3 - Integral, Proportional and Non-Linear Control 
Control 
1. Input bad alarm 
2. Input high/low alarm 
3. Error high/low alarm 
4. Output high/low alarm 

Output = (KP)(E)(i+(KNL)(F)--X (KP)(KI)(E)(1+(KNL}(F)+B 
KP = Proportional Gain 
KI = Reset Rate, Repeats/Minute 
E is Error 
B = Bias 
F is Absolute Walue of Error 
KNL = Non-Linear Gain 

Algorithm 4 - Integral, Proportional, 
Non-Linear and Input Derivative Control 

Control 
1. Input bad alarm 
2. Input high/low alarm 
3. Error high/low alarm 
4. Output high/low alarm 

Output = (KP)(E)(1 - (KNL)(F)--X (KP)(KI)(E)(1 + (KNL)(F)--DN-B 
DN = (KP)(KD)(KI) -- (-KDC)(D) 
DN = Amount of derivative input action this time 
D = Amount of derivative input action last time 
KD = Derivative gain 
KDC = Derivative rate, decays/scan time 
KP = Proportional Gain 
KI = Reset Rate, Repeats/Minute 
Esa Error 
B - Bias 
F = Absolute Walue of Error 
KNL = Non-Linear Gain 
Algorithm 5 - Average a Number of Process Variables 

Average the inputs or outputs of a number of loops. 
Each loop's data will have a weight associated with 
it. The results of averaging will be placed in the 
averaging loop's output. 
l. Input bad alarm 
2. Input high/low alarm 
3. Error high/low alarm 
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Calculation: 

Purpose: 
Action 

Calculation: 

Purpose: 
Action: 

Calculation: 

where: 
and 

Purpose: 

Action: 

Usage: 
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ALGORTHMS 

4. Output high/low alarm 

Output = Loop Weight - Loo Weight 
put = (Sum of Weights) 

Algorithm 10 - Ratio Control 
Ratio control - input is actual ratio of elements. 
1. Input bad alarn 
2. Input high/low alarm 
3. Error high/low alarm 
4. Output high/low alarm 

Output = 2(S)(1)(Bias) -- M 
S = Ratio Setpoint 
= Input 

Bias as Output bias 
M = Miscalibration Factor (default value = 0) 

Algorithm 16 - Integral, Proportional, 
Non-Linear and Error Derivative Control 

Control 
1. Input bad alarm 
2. Input high/low alarn 
3. Error high/low alarm 
4. Output high/low alarm 

Output s (KP)(E)(1+(KNL)(F)--X(KP)(KI)(E)(1+(KNL)(F)--DE--B 
DE = (KP)(KD)(K) -- (-KDC) (D) 
DE is Amount of derivative input action this time 
D = Amount of derivative input action last time 
KD = Derivative gain 
KDC = Derivative rate, decays/scan tine 
KP = Proportional Gain 
KI = Reset Rate, Repeats/Minute 
E is Error 
B = Bias 
F = Absolute Walue of Error 
KNL =e. Non-Linear Gain 

Algorithm 17 - Pulsed and Tined Duration Output 
Provide the means to use digital output in waveform 
or pulse length mode. 
1. Input bad alarm 
2. Input high/low alarm 
3. Error high/low alarm 
4. Output = -- or - pulse on digital output bit, when 
deviation limit exceeded 
During power control, it is desirable to have the 
power measurement to be within a certain deviation 
limit from the setpoint. The amount of power is 
controlled by an automatic transformer tap changer. 
The tap changer requires a level input for a 
specified time period for the mechanics of the 
system to operate. Two inputs are required; one for 
a positive tap change (increase power), and one for 
a negative tap change (decrease power). 
The controller uses its 8 digital output bits to 
provide these pulses to the tap changer. Which 
digital output bit pairs (-- and -) to use are 
selectable through the condenser face panel. A 1 
entered will use bits 0 and 1 for output pulses, a 2 
will use bits 2 and 3 for output pulses, a 3 will 
use bits 4 and 5, Bits 6 and 7 cannot be used 
because these are saved for alarming action on other 
types of loops. Bits 0 and i should only be used if 
the controller has only one input loop assigned to 
it. If the controller has two input loops assigned 
to it, bits O and are needed to multiplex inputs. 
The pulsed loop deviation limit is the window for 
control to occur. If the measurement is lower than 
the setpoint by an amount equal to or greater than 
the deviation irrit, the controller will send out a 
pulse to increase the tap position. The pulse 
length is selectable through the condenser loop 
setup. After the tap has changed, the controller 
delays any further control action until the settle 
time (set during loop setup) is expired. This 
settle time must be longer than the pulse time. The 
difference between the pulse time and settle time is 
the actual delay before the next control action is 
taken. The controller will also take the above 
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50 

ALGORITHMS 

action when the measurement is greater than the 
setpoint, except it will send a decrease pulse on 
the other bit of the bit pair selected. 

Summary 
Pulse Length = Time duration of the pulse length in seconds 

when waveform = 0, Range = 0-255 seconds. 
Settle Tinne = Time between control action activated after tap 

change. This time equal to settle time minus 
pulse length. 
Selects which pair of digital output bits to 
be used for this loop. If more than one 
input loop per this controller, outbit of 1 
not valid due to use of multiplexer. 
D.O, is 7 6 5 4 3 2 1 0 
Example: Outbit of 1 Uses Bits 0,1 

Outbit of 2 Uses Bits 2,3 
Outbit of 3 Uses Bits 45 

More than one input loop mux. Uses Bits 0,1 
therefore Outbit of l not valid. 
Frequency of Pulsed Output as Explained 
Below. 

Output Bit Pair = 

Waveform Factor = 

Pulsed and Timed Duration Output Description 
A number of pulses are calculated when measurement is out of 
range. This number is equivalent to pulse length/50 ms. This 
output can be a negative or positive number of pulses. 
Therefore, each loop required two bits of digital output. The 
even bits (D0,D2, D4) are used for a positive movement and the 
odd bits (D1, D3, D5) are used for a negative movement. 
Waveform Factor - This number determines the time between each 

pulse. This will allow the output pulse of 
xx seconds to be a series of pulses of 
specified number of 50 ms, units. 

EXAMPLE: 50 MILISECOND TIME PERIODS pulse length = 3 seconds 
50 100 SO 200 

OUTPUT=6 

WAWEFORM 
PULSES=6 

250 300 
----H----- 

–0 - 

350 400 450 

WAVEFORM = - 
PULSESs 3 

WAVEFORMs 2 
PULSES=2. 

Communication: Condenser to Controller Initialization 
The controller cannot initiate communication. The 

condenser can initiate communication between any 
controller and the condenser. The condenser begins a 
communication by calling up the communication sub 
routine within the condenser. The condenser, when it 
wishes to initiate communications with a specific con 
troller, places the ID of the controller on the input 
communication bus. The input communication bus is an 
eight-wire bus corresponding to one byte of informa 
tion. The ID for the specific controller consists of a four 
bit identification which identifies the attention line and 
therefore the row of controllers to be activated; and a 
four bit identification corresponding to the controller 
ID within a given row. With this identification method, 
the condenser can communicate with any one of 256 
controllers. The rows can consist of 16 rows numbered 
0 through 15 and 16 controllers within a row numbered 
0 through 15. Thus, 16X 16, or 256 controllers, can be 
directly addressed. In actual practice, groups of con 
trollers and the condenser unit are housed in a standard 
instrumentation rack. Up to nine controllers can be 
placed in the racks containing additional controllers. 
This limits the number of controllers which can be 
directly accessed by the condenser to a total of 144. 
That is, 16 rows of nine controllers each, which gives a 
total of 144. 
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As was previously mentioned, to begin communica 
tion the condenser places the ID of the controller on the 
input communication bus. The condenser then activates 
the attention line for the proper row of controllers in 
which the controller we wish to communicate with is 
located. Simultaneously, the condenser starts an inter 
nal timer for communication reply. This is a "watchdog 
timer". If a reply communication is not received within 
the timespan of the timer, the condenser will stop the 
communication routine. When the attention line is acti 
wated, all controllers in the row, to which that attention 
line is hard wired, go into fast interrupt and stop con 
trolling and start a communication routine. The control 
lers read the ID on the input communication bus and 
compare that ID with the ID that is hardwired into the 
backplane of that controller location. If the ID does not 
match, the controller disconnects from the communica 
tion bus and returns to normal operation. If the ID does 
match, the controller places the ID onto the output 
communication bus. This also is an eight bit bus. The 
condenser reads the output communication bus. If there 
is no data on the bus, the condenser looks at the timer to 
see if it has timed out. If the timer has not timed out, the 
condenser again reads the output communication bus. If 
the timer has timed out, the condenser discontinues the 
attempt to communicate with that particular controller 
and sets an alarm. If there is data on the output commu 
nication bus, the condenser compares that data with the 
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ID which was originally sent on the input communica 
tion bus. If those two values do not match, the con 
denser discontinues the communication routine and sets 
an alarm. If the ID does match, the condenser then 
sends a one's complement of the original ID back to the 
controller on the input communication bus and resets 
the watchdog timer. The one's complement of the ID 
consists of reversing the data bits such that any bit 
which was high now becomes low and any bit which 
was low now becomes high. The controller reads the 
input communication bus, calculates the one's comple 
ment of the initial ID and compares this value with the 
value currently on the input communication bus. If this 
ID does not match, the controller discontinues commu 
nication and sends no reply. This causes the condenser 
to discontinue communications and set an alarm. If the 
one's complement does match, the controller then sends 
the one's complement of the ID back to the condenser 
on the output communication bus. The condenser reads 
the output communication bus and compares it with the 
data which was sent originally. Again, if there is no 
information on the output communication bus, the con 
denser looks to see if the timer has timed out. If the 
timer has not timed out, the condenser rereads the out 
put communication bus. If the timer has timed out, the 
condenser discontinues the communication routine and 
sets an alarm. If there is information on the output com 
munication bus, the condenser compares the data on the 
output communication bus with the one's complement 
of the original ID sent. If the data does not match, the 
condenser discontinues communications and sets an 
alarm. If the data does match, then the communication 
has been initialized and the communication subroutine is 
completed and communication can now start between 
the condenser and the controller, This full echo verify 
means of communication not only connects the proper 
controller to the condenser directly for communication 
but also checks all 16 communication lines including the 
input communication bus and the output communica 
tion bus. Any defect in any of the communication lines 
will cause communications to be broken and alarm set 
so the operator can correct the problem. 

Condenser to Controller Communications 

In order to understand the communications between 
the condenser and the controller, it must first be under 
stood that within each controller there can be more 
than one loop. A loop is a functional response required 
by the controller in order to perform either the mea 
surement or the measurement and control that that 
particular controller is required to perform. Each loop 
is designated by a unique code. Within a condenser 
resides a table which cross-references each particular 
loop to the particular controller wherein the loop re 
sides. The loop identification also resides in the erasable 
programmable read-only memory (EPROM) within the 
loop record of the controller. Loop identification, when 
observed visually on the CRT of the condenser or the 
process operator's console, is typically a two digit nu 
meric number, a single digit alpha character and a two 
digit numeric number. As for example, a temperature 
loop could be identified as 32T14. Inside the controller 
ad the condenser the loop identification is identified by 
two eight bit bytes of information. In digital format, 
loop identifications can range from five digital numbers 
00000 through 59999. The first digit of this digital num 
ber, which can range from 0 to 5, is for area identifica 
tion; for instance, batch house, melter, forehearth, bush 
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ings, forming, shipping, etc. The second digit identifies 
the furnace number, channel number or some other 
identifier. The third digit identifies the loop function 
characteristic. Typically, these include T for tempera 
ture loops given a value of 0, A for analyzer loops such 
as oxygen probe analyzers and given a value of 1, B for 
bushing temperature loops given a digital value of 2, C 
for computed loops such as ratio average and given a 
digital value of 3, D for data logging loops and given a 
digital value of 4, E for electrode monitoring loops 
given a value of 5, F for flow loops given a value of 6, 
L for level loops given a value of 7, P for pressure loops 
given a value of 8 and S for speed loops given a value of 
9. The fourth and fifth digit is a sequential number 
within an area. As was previously mentioned, loop 
identifications can range in decimal numbers from 
00000 to 59999. This gives a range for loop identifica 
tions in hexadecimal notation from 0000 to EA5F The 
loop example above of 32T14 would mean that this was 
from area 3 which could be a melter; the furnace num 
ber was 2; it was a temperature loop and it was the 14th 
electrode within the melter. Converted to a decimal 
number this identification would read 32014. In hexa 
decimal numbers, the identification of this loop would 
be 7DOE. In binary numbers, the first byte would be 
01111101, and the second byte would be 00001110. This 
loop identification is important when considering the 
communications between the condenser and the con 
troller. 
There are within the condenser communication sub 

routine seven functions for communication that the 
condenser can perform. These functions are specific 
types of request for information from the controller to 
the condenser or for information from the condenser to 
the controller. Each one of the types of communication 
has a function code associated with it. The first function 
code in the condenser requests the ID of the loops in a 
controller. The second function code in the condenser 
requests the entire loop named ID. The third function 
code in the condenser requests the variable array part of 
a standard process control loop named ID. The fourth 
function code indicates that the condenser commands 
the deletion of a loop named ID. The fifth function code 
indicates that the condenser sends the primary and vari 
able data portions to load an entire new loop. The sixth 
function code in the condenser requests a specified 
portion of an electrode monitoring loop named ID. The 
seventh function code in the condenser will send nodi 
fication data for a specified portion of an existing elec 
trode monitoring loop named ID. Each of these func 
tion codes will be explained in detail below. In all com 
munications, a given protocol is established between the 
condenser and the controller. The condenser in all cases 
first sends a record with the byte count of the number of 
bytes which follow, then a byte which indicates the 
function code, then a number of bytes of information 
and then a checksum. The checksum is the one's con 
plement of the summation of the number of bytes sent. 
The controller, when replying, will always send the 
first byte of information being the number of bytes 
which follows, then a number of bytes of data and a 
checksum which is the one's complement of the num 
ber of bytes sent. This can best be understood by analyz 
ing the seven types of communication initiated by the 
condenser in detail. 
The first function code, or function code 1, is where 

the condenser requests the IDs of the loops in a control 
ler. As was mentioned previously, a given controller 
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can have more than one loop residing within the con 
troller. The condenser sends three bytes of information. 
The first byte is the number of bytes which follow or a 
byte count of l; the second byte is the function code of 
the communications which is 1 and the third byte is the 5 
check sum of the bytes which is the one's complement 
of the byte count and the function code or the one's 
compliment of 2, which in hexadecimal would be the 
number FD. The controller, in response, sends a record 
with a byte count of 2N followed by N number of loop 
IDs and an appropriate check sum. Remembering, as 
previously discussed, that a loop ID consists of two 8 bit 
bytes of information, you can see why the byte count 
would be 2N. For instance, if the controller had only 
one loop residing within the controller, the byte count 
would be 2 followed by two 8 bit bytes identifying the 
loop. The check sum then would be the one's comple 
ment of the byte count and the two data bytes or one's 
complement of the number 3, which, in hexadecimal, 
would be FC. It should be noted that, if the controller 
does not have any loops at all, the N in the byte count 
will be 0 and the response naturally will have a byte 
count of 0 and no data bytes, that is, the response will be 
merely the acknowledgement record, 
The second communication function, which has a 

function code of 2, is where the condenser requests the 
entire loop named ID. For electrode monitoring loops, 
this request is for the first part of the loop since elec 
trode monitoring takes more than one loop to perform 
the function. In this communication protocol, the con 
denser sends a record with a byte count of 3, a function 
code of 2, a 2 byte ID value and an appropriate check 
sum. The 2 byte ID value is the ID of the loop for 
which the condenser is requesting the information. The 
checksum in this case will be the one's complement of 35 
the number 4, or, in hexadecimal, the number FB. If the 
controller has the specified loop, it sends a byte indicat 
ing the number of bytes to follow. It then sends a record 
containing a primary and variable loop data portions of 
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the loop in one byte increments for each data position. 40 
It then sends a check sum which is the one's comple 
ment of the summation of the previously sent number of 
bytes. If the controller is sending information from an 
electrode monitoring loop, the controller sends the first 
part of the loop wherein the length is equal to the sum 
of the primary and variable parts of a standard process 
control loop, currently 140 bytes. If the controller has 
no loops at all, it sends a command rejection record 
containing a byte count of 0. If the controller has some 
loops, but not the specified loop, it sends a command 
rejection record containing a code byte of 1. 
The third type of communication having a function 

code of 3 is where the condenser requests the variable 
array part of a standard process control loop named ID. 
As can be understood, this command is not used with 
electrode monitoring loops. If the condenser has no 
modification data for this loop, it sends a record with a 
byte count of 3, a function code of 3, a 2 byte ID value 
and a check sum which is the one's complement of the 
number 4 or, in hexadecimal, FB. The controller replies 
with a first byte being the byte count followed by the 
number of bytes containing a variable array part of the 
loop and an appropriate checksum. If the condenser has 
some modification data for this loop, it sends a record 
with a byte count of at least 6, a function code of 3, a 2 
byte ID value, one or more modification data blocks 
and an appropriate check sum. A modification data 
block has a 1 byte displacement value giving the loca 
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tion within the specified loop, a 1 byte length giving the 
number of bytes to replace, plus the appropriate number 
of bytes containing the new data. The controller, in 
response, sends a byte count consisting of the number of 
bytes of the variable array currently in the loop as an 
acknowledgement, then follows the variable array data 
currently in the loop and an appropriate check sum. If 
the controller has no loops at all, it sends a command 
rejection record containing a code byte of 0. If the 
controller has some loops, but not the specified loop, it 
sends a command rejection record containing a code 
byte of 1. 
The fourth type of communication having a function 

code of 4 is where the condenser commands a deletion 
of a loop named ID. In this case, the condenser sends a 
record with a byte count of 3, a function code of 4, a 2 
byte ID value and an appropriate check sum. If the 
controller has the specified loop, it sends an acknowl 
edgement record with a byte count of 0. If the control 
ler has no loops at all, it sends a command rejection 
record containing a code byte of 0. If the controller has 
some loops but not the specified loop, it sends a com 
mand rejection record containing a code byte of 1. 
The fifth type of communication with a function code 

of 5 is where the condenser sends the primary and vari 
able data portions to load an entire new loop. This com 
mand is not to be used with electrode monitoring loops. 
The condenser sends a record with a byte count of 
N+1, a function code of 5, N (currently 140) bytes of 
data containing primary and variable data portions of 
the new loop and an appropriate checksum. The 2 byte 
loop ID value does not explicitly appear in the protocol 
for this command since it is present in the loop data 
being transferred. If the controller has other loops but it 
can accept the new loop, it sends an acknowledgement 
record byte count of 0. If the controller has no loops at 
all, it accepts the new loop but sends a command rejec 
tion record containing a code byte of 0. If the controller 
already has the specified loop or if it does not have 
sufficient room for another loop, it ignores the new loop 
and sends a command rejection record containing a 
code byte of 1. 
The sixth communication option, which has a func 

tion code of 6, is where the condenser requests a speci 
fied portion of the electrode monitoring loop named ID. 
The condenser sends a record with a byte count of 6, a 
function code of 6, a 2 byte ID value, a 2 byte displace 
ment for the start of the data in the loop, a 1 byte length 
for the data to send and an appropriate checksum. If the 
controller has the specified loop, it sends a byte count of 
the number of bytes to follow. It then sends a record 
containing the requested bytes from the loop and an 
appropriate checksum. If the controller has no loops at 
all, it sends a command rejection record containing a 
code byte of 0. If the controller has some loops but not 
the specified loop, it sends a command rejection record 
containing a code byte of 1. 
The seventh type of communication, which has a 

function code of 7, is where the condenser sends modifi 
cation data for a specified portion of an existing elec 
trode monitoring loop named ID. The condenser sends 
a record with a byte count of 5--N, a function code of 
7, a 2 byte ID value, a 2 byte displacement for the start 
of the data in the loop, N data bytes for modifying the 
loop and an appropriate checksum. If the controller has 
the specified loop, it sends an acknowledgement record 
byte count of 0. If the controller has no loops at all, it 
sends a command rejection record containing a code 



4,819, 149 
55 

byte of 0. If the controller has some loops but not the 
specified loop, it sends a command rejection record 
containing a code byte of 1. 

Communication: Subhost to Condenser 
The subhost is the master for all communications. 

The slave condensers respond to data transfer com 
mands from the subhost. If a new command from the 
subhost is sent to a condenser while the condenser is 
sending its response to a previous command, the execu 
tion of the older command is aborted and the processing 
of the new command is begun. Communicating is by 
means of a standard synchronous protocol, SDLC, over 
a daisy chained serial communication line. Data is trans 
ferred in packets which contain l to 255 user bytes. A 
given message, or logical record, may have to be sent in 
several consecutive packets. Because the condenser has 
a limited memory, commands from the subhost may not 
exceed 5 packets (1275 bytes). Responses from the con 
denser to the subhost may be considerably longer. The 
SDLC protocol specifies the method to direct a mes 
sage packet to the proper device, to detect the end of a 
packet, and to insure that a packet has been successfully 
transferred-retrying if necessary. Such items defined 
by the protocol, which is known in the art, will not be 
discussed here. This discussion will concern only the 
user data embedded in the protocol. Error detection 
bytes will not be placed in the user data stream since 
they are already included in the SDLC protocol. 
The first data byte in every packet will be a control 

byte used to describe the type of data in the remaining 
bytes in the packet. A control byte having a value of 
zero must never be sent by either the subhost or a con 
denser. If the most significant bit (value of 128 or $80, 
where 'S' signifies a hexadecimal number) of the control 
byte is set, the message will be continued in the next 
packet. The next-to-most significant bit (value of 64 or 
$40) of the control byte is set by the subhost to indicate 
to the condenser that a packet is the start of a new 
command. In all commands from the subhost to a con 
denser, the least significant 6 bits (values 1 to 63 or $3F) 
in the control byte will contain a function code indicat 
ing the type of data transfer being requested. Valid 
commands are acknowledged by the condenser sending 
a reply having the same function code as the command, 
followed by any requested data. If a condenser cannot 
perform the command sent from the subhost, the con 
denser will respond with a message having a command 
reject control byte. A command reject control byte is 
defined as one having the next-to-most significant bit 
(value of $40) set. If the condenser has some process 
control loops, but cannot comply with the command 
from the subhost because, for example, it does not have 
the specified loop, the least significant 6 bits of the com 
mand reject byte will contain the failing function code. 
If the condenser cannot comply with the command 
from the subhost because it does not have any process 
control loops, the least significant 6 bits of the command 
reject byte will have a value of zero. When a condenser 
sends a command reject with a zero function code (con 
trol byte=$40), it is requesting a reloading of its process 
control loops. Such a request will normally occur when 
a condenser replacement has been installed, and can be 
the response to any command at any time. When the 
subhost receives a reload request, it should stop its nor 
mal command sequence for updating the process con 
trol loop tables, and start sending a series of "load new 
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loop' commands (function code 5, see below), one loop 
at a time, until all loops have been sent to the condenser. 
For purposes of this discussion, the phrase 'standard 

process control loop' will refer to any loop that is nei 
ther the condenser master loop nor an electrode moni 
toring loop-even if the loop has a monitor-only con 
trol algorithm. 
The function codes used by the subhost/condenser 

communication are: 
1. Subhost requests the ID's of the loops in a con 

denser. 
This function would not be expected to be needed 

during normal operations in the system. It can be used 
for diagnostic purposes, or as part of a procedure to 
install a new subhost in a plant which had been using 
only condensers. 
The subhost sends a record consisting only of a con 

trol byte having a function code of 1 (control by 
te=$41). 

If the condenser has a valid table of loops, it will 
respond with a record having a control byte with a 
function code of 1, followed by the appropriate number 
of loop ID's. The loop ID's will include the condenser 
master loop, any standard process control loops, plus 
any electrode monitoring loops. If the condenser has no 
loops, it will send a record consisting only of a com 
mand reject control byte with a function code of 0 
(control byte=$40). The other type of command reject, 
one having a function code of 1 (control byte= $41), is 
not possible. 

2. Subhost requests the entire contents (up to the 
condenser local portion, currently 140 bytes for a stan 
dard process control loop, 1048 bytes for an electrode 
monitoring loop, or 168 bytes for the condenser master 
loop) of a set of loops. 

Since changes to process loops at the condenser level 
are automatically reported to the subhost (see function 
code 7, below), this function would normally only be 
used if a new loop had been entered through the con 
denser keyboard. It can also be used for diagnostic 
purposes or when loading a new subhost with existing 
loops in a plant which had been using only condensers. 
The subhost sends a single-packet record having a 

control byte with a function code of 2 (control by 
te=$42), followed by 1-127 double-byte loop ID val 

S. 

If the condenser has no loops, it will send a record 
consisting only of a command reject control byte with a 
function code of 0 (control byte = $40). If the condenser 
has some loops, it will process the request in the order 
given in the command. The response for each loop will 
begin on a message packet boundary and will take as 
many packets as needed for the size of the loop. If any 
loop needs more than one packet (currently only elec 
trode monitoring loops), the break between packets will 
fall between process variables, not within a process 
variable. If the condenser has the next loop to be pro 
cessed, the response for that loop will be a packet with 
a normal control byte having a function code of 2 (con 
trol byte=2 if last loop in list, control byte = $82 if more 
ID's are to be processed), followed by the contents of 
the requested loop. If a requested loop is not in the 
condenser, the response for that loop will be a packet 
with a command reject control byte containing a func 
tion code of 2 (control byte=$42 if last loop in list, 
control byte=SC2 if more ID's are to be processed), 
followed by the ID of the missing loop. 
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3. Subhost requests the variable array part (currently 
32 bytes numbered 108 through 139 for a standard pro 
cess control loop, 516 bytes numbered 532 through 1047 
for an electrode monitoring loop, or 94 bytes numbered 
74 through 167 for the condenser master loop) of a set 5 
of loops. 
The subhost would normally use this function to 

gather changing process information on a few loops at a 
time as part of a background scan in keeping its process 
control tables up to date. It would also use this function 10 
to refresh the data being displayed on a Process Opera 
tor's Console. 
The subhost sends a single-packet record having a 

control byte with a function code of 3 (control by 
te=$43), followed by 1-127 double-byte loop ID val 

S. 

If the condenser has no loops, it will send a record 
consisting only of a command reject control byte with a 
function code of 0 (control byte=$40). If the condenser 
has some loops, it will process the request in the order 
given in the command. The response for each loop will 
be in a separate message packet. If the condenser has the 
next loop to be processed, the response for that loop 
will be a packet with a normal control byte having a 
function code of 3 (control byte=3 if last loop in list, 
control byte= $83 if more ID's are to be processed), 
followed by the double-byte loop ID and the data in the 
variable array portion of the requested loop. If a re 
quested loop is not in the condenser, the response for 
that loop will be a packet with a command reject con 
trol byte containing a function code of 3 (control by 
te=$43 if last loop in list, control byte=SC3 if more 
ID's are to be processed), followed by the ID of the 
missing loop. 35 

4. Subhost commands the deletion of a set of loops. 
This function would normally be used to carry out a 

request initiated through a Process Operator's Console. 
The subhost sends a single-packet record having a 

control byte with a function code of 4 (control by-4 
te=$44), followed by 1-127 double-byte loop ID val 
ues. The ID of any standard process control loop or f 
any electrode monitoring loop can be included in this 
list. 

If the condenser has no loops, it will ignore the com-45 
mand and will send a record consisting only of a com 
mand reject control byte with a function code of 0 
(control byte=$40). If the condenser has some loops, it 
will respond with one or two message packets. The first 
message packet, if used, will have a normal control byte 50 
with a function code of 4 (control byte= 4 if the second 
packet not needed, or $84 if both packets are to be sent), 
followed by a list of loops that have been marked for 
deletion. If there are no entries in this list, the packet is 
not sent. The subhost will be informed when the loops 55 
are actually deleted from the controllers (see function 
code 7, below). The second message packet, if used, will 
have a command reject control byte with a function 
code of 4 (control byte=$44), followed by a list of 
loops that were not found. If there are no entries in this 60 
list, the packet is not sent. 

5. Subhost sends the entire contents (up to the con 
denser local portion, currently 140 bytes for a standard 
process control loop, 1048 bytes for an electrode moni 
toring loop, or 168 bytes for the condenser master loop) 65 
to load a new loop. 
This function will be used to send a new loop entered 

through a Process Operator's Console, or as one of a 

20 

25 

is: 58 
series of commands used to reload the loops in a con 
denser. 
The subhost sends a record having a control byte 

with a function code of 5 (control byte= $45 for the last 
or only packet, or $C5 if more packets are to be sent), 
followed by the data for the new loop. 

If the condenser has no loops at all, it will accept the 
new loop, but will respond with a record consisting 
only of a command reject control byte with a function 
code of 0 (control byte=$40). This response is neces 
sary to insure that the subhost is informed of the need to 
reload the condenser. The command to load this loop 
probably is the first step in reloading, but could also 
merely be sending a truly 'new' loop to the condenser. 
If the condenser has some loops, and can accept the new 
loop, it sends an acknowledgment record consisting 
only of a normal control byte with the same function 
code (control byte=5). The subhost will be informed 
when the loop has been loaded into the proper control 
ler (see function code 7, below). If the condenser al 
ready has the specified loop, or it does not have suff 
cient room for another loop, it sends a record consisting 
only of a command reject control byte with a function 
code of 5 (control byte- $45). 

6. Subhost sends loop modification data. 
This function will be used to send commands entered 

through a Process Operator's Console to modify exist 
ing standard process control loops, electrode monitor 
ing loops, or the condenser master loop. 

If the subhost has some modification data for one or 
more existing loops in a condenser, it sends a record 
having a control byte with a function code of 6 (control 
byte=$46 for the last or only packet, or SC6 if more 
packets are to be sent), followed by one or more new 
data blocks. Each new data block has a 2-byte ID value, 
a 1- or 2-byte displacement value giving the location 
within the specified loop, a 1-byte length giving the 
number of bytes to replace, plus the appropriate number 
of bytes containing the new data. If the displacement to 
the start of the new data in the loop is less than 128 
bytes, then a 1-byte, unmodified displacement will be 
used. If the displacement is more than 127 bytes, then a 
2-byte displacement will be sent. The first of these two 
bytes will contain the one's compliment of the more 
significant half of the displacement. The second byte 
will contain the less significant half of the displacement 
(uncomplimented). 

If the condenser has no loops, it will ignore the com 
mand and will send a record consisting only of a corn 
mand reject control byte with a function code of 0 
(control byte=$40). If the condenser has some loops, it 
will respond with one or two message packets. The first 
message packet, if used, will have a normal control byte 
with a function code of 6 (control byte=6 if the second 
packet not needed, or $86 if both packets are to be sent), 
followed by a list of loops that have been changed in the 
condenser. If there are no entries in this list, the packet 
is not sent. The subhost will be informed when the loops 
are actually changed in the controllers (see function 
code 7, below). The second message packet, if used, will 
have a command reject control byte with a function 
code of 6 (control byte = $46), followed by a list of 
loops that were not found. If there are no entries in this 
list, the packet is not sent. 

7. Subhost requests reporting of loop changes which 
need to be logged. 

This function will be used by the subhost to find out 
what loop information (if any) has been changed 
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through the condenser keyboard, what process alarms 
have been detected by the condenser or the controllers 
connected to it, and what loop changes previously com 
manded by the subhost have actually been completed at 
the controller level. Note that values which change by 
normal controller operation (e.g., input reading, calcu 
lated output value, setpoint or bias if cascaded from 
another loop) are not reported by this function (see 
function code 3, above). 
The subhost sends a record consisting only of a con 

trol byte with a function code of 7 (control bytes $47). 
If the condenser has no loops, it will send a record 

consisting only of a command reject control byte with a 
function code of 0 (control byte=$40). The other type 
of command reject, one having a function code of 7 
(control byte= $47), is not possible. If the condenser has 
no changes to report, it will send a record consisting 
only of a normal control byte having the same function 
code (control bytes 7). If the condenser has some 
changes to report, it will send a record having a control 
byte with a function code of 7 (control byte=7 for the 
last or only packet, or $87 if more packets are to be 
sent), followed by one or more new data blocks. Several 
new data blocks may be placed in each packet, but no 
new data block will cross a packet boundary. Each new 
data block has a 2-byte ID value, a 1- or 2-byte displace 
ment value giving the location within the specified 
loop, a 1-byte length giving the number of data bytes to 
follow, plus the appropriate number of bytes containing 
the new value of the changed data. If the displacement 
to the start of the new data in the loop is less than 128 
bytes, then a 1-byte, unmodified displacement will be 
used. If the displacement is more than 127 bytes, then a 
2-byte displacement will be sent. The first of these two 
bytes will contain the one's compliment of the more 
significant half of the displacement. The second byte 
will contain the less significant half of the displacement 
(uncomplimented). 
The subhost will have to determine the type of 

change that has occurred by examining the location of 
the data in the loop, by comparing the new value with 
the old value, and by remembering what acknowledg 
ments are pending for changes previously sent to a 
condenser from the subhost. Changes that have oc 
curred within the primary array part of a standard pro 
cess control loop will always be sent in multiples of 4 
bytes-even if only 1 byte has changed. Changes that 
have occurred within the variable array part of a stan 
dard process control loop will also be sent in multiples 
of 4 bytes, but need no special concern since all items in 
the variable array are 4 bytes in length. Changes that 
occur in the MSFLAG byte in a standard process con 
trol loop, or that occur anywhere within the condenser 
master loop, will be reported with no extraneous bytes. 
The following are some specific examples of the con 

ditions that will be reported to the subhost by this func 
tion: 

A. A change has been made to the "output deadband 
option', bits 2-3 in byte 17 of a standard process control 
loop. After the change has been successfully sent to the 
appropriate controller, the condenser will respond to 
the subhost command having a function code 7 by send 
ing a new data block with bytes 16 (INBAD), 17 
(OUALA), 18 (OUALB), and 19 (BIOPP). The subhost 
will have to determine that INBAD should be ignored 
(contains only information used internally by a control 
ler), that OUALA has changed, and that OUALB and 
BIOPP have not changed. If the subhost had previously 
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sent a command to make this change, the report is ac 
knowledging that the change has been made. If the 
subhost does not have such a change pending, the re 
sponse must be reporting that a change has been made 
through the condenser keyboard. The subhost should 
print the name of the parameter that was changed, the 
ID of the loop in which the change occurred, the old 
and new data values, and the origin of the change. Note 
that it could be possible for several changes to be re 
ported in the same new data block. 

B. A status change has been detected in a loop by a 
controller (auto/manual, alarm/no alarm, control stop 
ped/control resumed) or by the condenser (communi 
cation alarm/no alarm, needed loop not found error, 
loop setup error). All of these conditions will set or 
clear bits in the 4 bytes of MSGWRD in a loop. The 
condenser will respond to a subhost command with 
function code 7 by sending a new data block containing 
MSGWRD. Most of these status changes should be 
logged on the printer, some may result in the sounding 
of the process alarn siren (depending on the alarm 
action options specified in the primary array part of the 
loop). 

C. A loop has been added to or deleted from a con 
troller. The condenser will respond to a subhost com 
mand with function code 7 by sending a new data block 
containing the byte MSFLAG with bit 1 (loop deleted) 
set, bit 3 ("dumb' controller reloaded) set, or bit 4 (new 
loop loaded) set. For the cases of a loop deleted or a 
new loop added, the subhost will have to determine if 
the action was taken in response to a previous subhost 
command, or whether it was due to a condenser key 
board entry. The subhost should print the ID of the 
loop; whether it was loaded, reloaded, or deleted; and 
the origin of the command. If the subhost determines 
that a new loop was added through the condenser key 
board, it should request the data for the new loop (see 
function code 2, above), 

32. 33. etc. Subhost sends a message through a con 
denser directly to a controller. 
These functions provide a means for the subhost to 

communicate directly with a controller for data analysis 
or for diagnostic purposes. 
The subhost sends a single-packet record having a 

control byte with a function code greater than 31 (con 
trol byte=$60 through $7F for function codes 32 
through 63), a byte containing the rack number, a byte 
containing the controller number, and 1-252 message 
bytes. 

If the condenser has no loops, it will ignore the con 
mand and will send a record consisting only of a com 
mand reject control byte with a function code of 0 
(control byte=$40). If the condenser has some loops, it 
will attempt to send to the specified controller: an ap 
propriate byte count, the same 32 through 63 function 
code, the 1-252 message bytes, and a checksum. If the 
message cannot be sent due to a controller no-response 
condition or a condenser/controller data transfer error, 
the condenser will send a record to the subhost consist 
ing only of a command reject control byte with the 
same function code (control byte= S60 through $7F for 
function codes 32 through 63). If a response is received 
from the specified controller, the condenser will send 
the response (stripped of the byte count and checksum, 
but otherwise unexamined) back to the subhost in a 
record having a normal control byte with the same 
function code (control byte= $20 through $3F for func 
tion codes 32 through 63). 
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System 
As can be seen from the above detailed description of 

the various components of the system, several unique 
features are disclosed for this process control system. 
Each controller in this system is identical. The memory 
in each controller contains all of the communication 
software, input subroutines and algorithms necessary to 
control any type of industrial process. Each controller 
can accept input signals as either analog signals or digi 
tal signals. Each controller can output control signals as 
either analog signals or digital signals. All interconnec 
tions to the controller are on a single printed circuit 
board connector on the back of the controller. All 
ground pins on this connector are longer than all other 
pins allowing the controller to be plugged into a mating 
backplane connector without the need of removing 
power from the system. The backplane connector selec 
tively grounds identification lines, thus, giving each 
position in a row of controllers a unique identification. 
Each row of backplane connectors is connected to a 
given address line from the condenser. This gives every 
position in an instrument rack housing the controllers a 
unique identification. Any controller may be plugged 
into a backplane connector and immediately assume the 
identification of that backplane position. Each control 
ler can control more than one loop. Loop records are 
stored in the controller to inform the controller of the 
type of input it is to receive, how to scale or manipulate 
the input for internal calculations, the algorithms neces 
sary to perform to produce a control signal and where 
and in what format to output the control signal. The 
condenser has stored in its bubble memory a table of 
what loop records should be in what controller identifi 
cation location. All information for that loop record is 
also stored in the condenser. This information is also 
stored in the subhost. When a controller is initially 
plugged in, it is dumb except for its identification which 
is hardwired into the backplane. The condenser contin 
uously polls the controllers asking for information. 
When the new controller is first polled, it informs the 
condenser that it is dumb. Subsequent polling cycles 
allows the condenser to load all information for the loop 
records into the controller. The controller then begins 
controlling. After the initial load of the loop records, 
the controller will continue to control even if the con 
denser fails to operate. Similarly, the subhost continu 
ously polls the condensers connected to it. If a con 
denser fails and is replaced, the subhost will reload all 
loop records, all tables and all control constants for 
every controller associated with the failed condenser 
into the condenser. Should an individual controller fail, 
alarm signals are activated in the condenser during the 
normal polling sequence because of a lack of a response 
from the controller. Indicator lamps, or LEDs, on the 
front of the controller also signal that the controller has 
failed. The controller also notifies the field devices or 
control devices by means of the FAIL line that failure 
has occurred. The field devices can be equipped with 
track and hold circuitry to hold the device at its last 
control setting so that the process is not interrupted 
while the defective controller is replaced. Should a 
subhost fail, all condensers associated with that subhost 
will continue to operate normally. When the subhost is 
repaired or replaced, the normal polling sequence or 
communication sequence between the subhost and con 
denser will allow each condenser to load all tables, loop 
records and other stored data into the subhost. Commu 
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nication betweeri the various levels in the system always 
checks for hardware integrity by its echo system of 
communication. The one's compliment for verify 
checks all communication hardware lines for integrity. 
By sending the number which is the number of bytes to 
follow and then a checksum which is the one's compli 
ment of the number of bytes sent, the system ensures 
integrity of data transmission. By means of hardwired 
backplane identification of controllers, full echo with 
verify communication, identical controllers with both 
analog and digital capability, stand-alone capability for 
all lower level subsystems, automatic upload/download 
of information and complete manual control at each 
level, this process control system overcomes all of the 
problems inherent in an integrated process control sys 
te 

It will be appreciated by those skilled in the art that 
various modifications and improvements may be made 
to the detailed embodiment set forth herein without 
departing from the spirit and intent of the invention as 
defined in the appended claims. 
We claim: 
1. A process control system comprising: 
a plurality of identical controllers, each controller 

controlling at least one process parameter, each 
controller including an input means for receiving 
an input signal corresponding to the value of a 
measured parameter; 

means within said controller for calculating an output 
control signal based upon said input signal; 

output means within said controller for sending said 
output control signal to a device being controlled; 

a plurality of identical condenser means selectively 
connectable to a group of said plurality of control 
lers each of said condensers able to initiate commu 
nication with each of said controllers connected 
thereto for receiving process data and for varying 
the operation of said calculating means within said 
controller wherein each of said controllers con 
nected to said condenser means is operable in said 
process without aids condenser means; 

a plurality of identical subhost means selectively con 
nectable to a group of said plurality of condenser 
means each of said subhost able to initiate commu 
nication with each of said condenser connected 
thereto for receiving process data and for varying 
the operation of said calculating means of said 
controllers connected to said condenser means 
wherein each of said condenser means connected 
to said subhost is operable in said process control 
without said subhost means; and 

a host computer selectively connected to all subhost 
means for receiving process data wherein each of 
said subhost means is operable in said process con 
trol without said host computer. 

2. The process control system of claim 1 wherein 
each of said controllers includes a manual control 
means for controlling the output control signal of said 
controller manually and for inhibiting the output con 
trol signal generated by said calculating means. 

3. The process control system of claim 1 wherein said 
input means can accept either an analog signal or a 
digital signal. 

4. The process control system of claim 1 wherein said 
output means can send either an analog signal or a digi 
tal signal. 
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5. The process control system of claim 1 wherein said 
controllers include two visual displays of process infor 
mation. 

6. The process control system of claim 1 wherein said 
controllers include visual indications of the status of 5 
said controller. 

7. The process control system of claim 1 wherein said 
controllers may be removed and replaced without re 
moving power from the system. 

8. The process control system of claim 1 wherein said 10 
condenser includes means for selectively establishing 
connunications between a controller and said con 
denser. 

9. The process control system of claim 8 wherein said 
communication means includes a full echo, verify sub- 15 
routine to ensure proper identification of said controller 
and to check integrity of hardware. 

10. The process control system of claim 8 wherein 
said communication means includes an input communi 
cation bus and an output communication bus, each of 20 
which is an eight bit parallel communication bus. 

11. The process control system of claim 1 wherein 
said condenser includes a video display screen to dis 
play process data. 

12. The process control system of claim 1 wherein 25 
said condenser includes a keyboard to input process 
data and to activate a display. 

13. The process control system of claim 1 wherein 
said condenser includes a bubble memory. 

14. The process control system of claim 1 wherein 30 
said subhost includes a keyboard, two video displays, a 
printer and mass memory storage devices. 

15. The process control system of claim 1 wherein 
said subhost includes means for selectively establishing 
communication between a condenser and said subhost. 35 

16. The process control system of claim 15 wherein 
said communication means includes daisy-chained syn 
chronous data link connunication with said condens 
es 

a plurality of interchangeable identical controllers, 
each controller including an input means for re 
ceiving an input signal corresponding to the value 
of a measured parameter; 

a plurality of control algorithms contained within 45 
said controller to perform calculations upon said 
input signal; 

means to select a particular algorithm to perform 
calculations upon said input signal to produce an 
output control signal; 50 

means to transmit said output control signal to field 
devices to control a process; 

means integral to said controller to display a repre 
sentation of said input signal and said output con 
trol signal; 55 

means integral to said controller to manually set and 
adjust said controller output control signal; 

a plurality of identical condenser means, each of said 
condenser means selectively connectable to each of 
a group of the plurality of said controllers by a 60 
control bus, an input communication bus and an 
output communication bus; 

means integral with said condenser for communicat 
ing with each of said controllers connected to said 
condenser over serial input and output communica- 65 
tion buses for selectively receiving or sending pro 
cess data and for varying the operation of said 
selected algorithm within said controller; 

17. A distributed process control system comprising: 40 

64 
a subhost means selectively connectable to each of a 
group of the plurality of said condenser means by a 
serial communication bus; and 

means integral with serial subhost for communicating 
with each of serial condensers connected to serial 
subhost for selectively receiving or sending process 
data and for varying the operation of said selected 
algorithm within controllers connected to said 
condensers. 

18. The distributed process control system of claim 17 
wherein said controllers are operable in said process if 
said condenser fails. 

19. The distributed process control system of claim 17 
wherein said condenser and all controllers connected to 
said condenser are operable in said process if said sub 
host fails. 

20. The distributed process control system of claim 17 
wherein said input means includes means to accept 
either an analog signal or a digital signal. 

21. The distributed process control system of claim 17 
wherein said means to transmit includes a means to 
transmit either an analog signal or a digital signal. 

22. The distributed process control system of claim 17 
wherein said means to manually set and adjust said 
controller output control signal includes means to by 
pass the means to perform calculations. 

23. The distributed process control system of claim 17 
wherein said controller includes a means to display 
information. 

24. The distributed process control system of claim 17 
wherein said condenser includes a means to input infor 
mation and a means to display information. 

25. The distributed process control system of claim 17 
wherein said subhost includes a means to input informa 
tion and a means to display information. 

26. The distributed process control system of claim 17 
wherein said communicating means integral with said 
condenser includes a means to identify a particular con 
troller and a means to verify the integrity of said input 
communication bus and said output communication bus. 

27. The distributed process control system of claim 17 
wherein said communicating means integral with said 
subhost means includes a means to selectively commu 
nicate with a specific condenser connected to said sub 
host. 

28. A process control system comprising: 
a plurality of controllers, divided into groups of con 

trollers; 
a plurality of condensers, divided into groups of con 

densers, each of said condensers connected to a 
group of controllers by means of a control bus, an 
input communication bus, an output communica 
tion bus and at least one attention line wherein each 
controller connected to said condenser is operable 
in said process without said condenser; 

a plurality of subhosts, each of said subhosts con 
nected to a group of condensers by means of a first 
daisy-chained serial communication line wherein 
each condenser and each controller connected to 
each condenser is operable in said process without 
said subhost; 

a host computer connected to all subhosts by means 
of a second daisy-chained serial communication 
line, wherein each subhost, each condenser con 
nected to each subhost and each controller con 
nected to each condenser is operable in said pro 
cess without said host computer; 

each controller including: 
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a first input means for receiving an input signal corre 
sponding to the value of a measured parameter; 

a second input means for receiving parallel digital 
data from said condenser over said input communi 
cation bus; 

a microprocessor means for controlling the operation 
of said controller; 

a memory means for storing information for operat 
ing said microprocessor; 

program means stored in said memory for operating 
said microprocessor including communication sub 
routines, input scaling subroutines, alarm subrou 
tines and algorithms for calculating a first control 
signal; a manual control means for manually pro 
ducing a second control signal and for inhibiting 
said first control signal; 

a visual display means for selectively displaying in 
formation within said controller; 

a first output means to transmit said control signal to 
a field device which is to be controlled; 

a second output means for sending parallel digital 
data to said condenser over said output communi 
cation bus; 

each condenser including: 
a first input means for receiving a plurality of input 

signals from field devices; 
a second input means for receiving parallel digital 

data from said controllers on said output communi 
cation bus; 

a third input means for receiving serial data on said 
first daisy-chained serial communication line from 
said subhost; 

a microprocessor means for controlling the operation 
of said condenser; 

a memory means for storing information from said 
controllers and said subhost and for storing infor 
mation for operating said microprocessor; 
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program means stored in said memory means for 

operating said microprocessor; 
a keyboard means for entering information into said 

condenser; 
a visual display means for selectively displaying in 

formation in said condenser; 
a first output means to transmit information to field 

devices; 
a second output means for sending parallel digital 

data to said controllers over said input communica 
tion bus; 

a third output means for sending serial data over said 
first daisy-chained serial communication line to 
said subhost; 

each of said subhost including: 
a first input means for receiving serial data from said 
condensers over said daisy-chained serial commu 
nication line; 

a second input means for receiving serial data from 
said host computer over said second daisy-chained 
serial communication line; 

a microprocessor means for controlling the operation 
of said subhost; 

a memory means for storing information from said 
condensers and from said host computer and for 
storing information for operating said microproces 
sor; 

program means stored in said memory means for 
operating said microprocessor; 

keyboard means for entering information into said 
subhost; 

visual display means for selectively displaying infor 
mation in said subhost; 

a first output means for sending serial data over said 
first daisy-chained serial communication line to 
said condensers; and 

a second output means for sending serial data over 
said second daisy-chained serial communication 
line to said host computer. 


